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(54) AGENT FOR TREATMENT OF HEMATOPOIETIC TUMOR 



(57) A therapeutic and/or prophylactic agentfor a he- 
matopoietic tumor, which comprises a thiadiazoline de- 
rivative represented by the general formula (I), or a phar- 
maceutically acceptable salt thereof: 

[Formula l] 



[wherein, n represents an integer of 1 to 3, R 1 represents 
a hydrogen atom, R 2 represents lower alkyl, or R 1 and 
R 2 are combined together to represent alkylene, R 3 rep- 
resents lower alkyl, R 4 represents NHS0 2 R 6 (wherein 
R 6 represents hydroxy or the like) or the like, and R 5 
represents aryl or the like] and the like ai 
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Description 

Technical Field 

[0001] The present invention relates to a therapeutic and/or prophylactic agent for a hematopoietic tumor comprising 
a thiadiazoline derivative or a pharmaceutically acceptable salt thereof as an active ingredient. 

Background Art 

[0002] In chemotherapies of cancers, a variety of antitumor agents including microtubule acting agents such as taxanes 
and vinca alkaloids, topoisomerase inhibitors, alkylating agents, and the like are used. These antitumor agents have 
various problems, for example, applicable cancers are limited, they cause side effects such as bone marrow toxicity 
and neuropathy, and they may encounter appearance of resistant tumors [Nature Reviews Cancer, Vol. 3, p.502 (2003)]. 
[0003] In recent years, molecule targeting type antitumor agents have been reported, which exhibit effectiveness 
against a specific cancer. I matinib and gef itinib, which are tyrosine kinase inhibitors, exhibit effectiveness against chronic 
myeloid leukemia and non-small cell lung cancer, respectively, for which antitumor agents available are ineffective. 
However, the cancers against which they exhibit effectiveness are limited. Clinical cases are also reported in which 
acquisition of resistance is observed [Nature Reviews Drug Discovery, Vol. 3, p.1 001 (2004)]. Therefore, novel antitumor 
agents that are improved to solve these problems have been desired. 

[0004] The mitotic kinesins are proteins that are involved in the mitotic spindle regulation, and play an essential role 
for progression of the mitotic phase in cell cycle. The mitotic kinesin Eg5, one of the mitotic kinesins, is a bipolar 
homotetramer molecule, and is known to be involved in the formation of the bipolar spindle structure by crosslinking two 
of microtubules of the same direction and moving them in the direction toward the + (plus) end to cause sliding of two 
of the antiparallei microtubules, thereby keep - (minus) ends of microtubules at a distance and separate spindle pole 
bodies [Cell, Vol. 83, p.1159 (1995); J. Cell Biol., Vol. 150, p.975 (2000); Jikken Igaku (Experimental Medicine), Vol. 
1 7, p.439 (1 999)]. Therefore, Eg5 inhibitors are considered promising as therapeutic agents of diseases relating to cell 
proliferation [WO2001/98278; WO2002/56880; WO2002/57244; Trends in Cell Biology, Vol. 12, p.585 (2002)]. As Eg5 
inhibitors, there are known, for example, quinazolin-4-one derivatives (WO2001/30768, WO2003/039460, and the like), 
triphenylmethane derivatives (WO2002/56880), thiadiazoline derivatives (referto Patent documents 1 to 3), and the like. 
[0005] There are further known thiadiazoline derivatives having a lower alkanoylamino group at the 2-position, a lower 
alkanoyl group at the 4-position, and a substituted or unsubstituted aryl group and a lower alkyl group at the 5-position 
(see, Non-patent documents 1 to 3). Moreover, thiadiazoline derivatives useful as antitumor agents are known (see, 
Patent documents 2 to 4). For example, the compounds represented by the following formulas (P) to (U) and the like 
are known to suppress proliferation of colon cancer cells (see, Patent document 4). 



[Formula l] 

C(CH 3 ) 3 C(CH 3 ) 3 C(CH 3 ) 3 

0=< 0=( 0=( 

H 3C- s -N^O- N h V&W^lX-NH H 2 N0C ~-^T>-NH 

0 2 S Q >-C(CH 3 ) 3 S Q >-C(CH3)3 M S ^C{CH 3 ) 3 

(P) (Q) (R) 

C(CH 3 ) 3 CH 3 CH 3 

n o=< o _ o=( _ o=K 

0 2 N-N )L uo 0 2 N-N °2 N-N 

(S) (T) (U) 



[Patent document 1] International Patent Publication WO2004/092147 
[Patent document 2] International Patent Publication WO2004/1 1 1 023 
[Patent document 3] International Patent Publication WO2004/1 1 1 024 
[Patent document 4] International Patent Publication WO2003/051854 
[Non-patent document 1] J. Chem. Soc. Chem. Comm., 1982, p.901 
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[Non-patent document 2] Arch. Pharm. Res., 2002, Vol. 25, p.250 

[Non-patent document 3] CAS REGISTRY Database [registered as chemical library (Registry numbers: 352225-1 6-2, 
332389-23-8, 332389-24-9, 332389-25-0, 443105-83-7, 443105-73-5, 443105-51-9, 443105-46-2, 443105-41-7, 
443105-34-8, 443105-88-2, 443105-78-0, 443105-56-4, 432536-58-8] 

Disclosure of the Invention 

Object to be Solved by the Invention 

[0006] An object of the present invention is to provide a therapeutic and/or prophylactic agent for a hematopoietic 
tumor (for example, leukemia such as acute myeloid leukemia, acute lymphoblastic leukemia, chronic myeloid leukemia, 
chronic lymphoblastic leukemia, or plasma cell leukemia, lymphoma such as Hodgkin's lymphoma, non-Hodgkin's lym- 
phoma, or adult T-cell leukemia/lymphoma, multiple myeloma, plasmocytoma, myelodysplastic syndrome, chronic my- 
eloproliferative disorder or the like) comprising a thiadiazoiine derivative or a pharmaceutically acceptable salt thereof 
as an active ingredient. 

Means for Solving the Object 

[0007] The present invention relates to the following (1) to (19). 

(1) A therapeutic and/or prophylactic agent for a hematopoietic tumor, which comprises a thiadiazoiine derivative rep- 
resented by the general formula (I): 

[Formula 2] 



R 4 -(CH 2 )„ N-N R1 

r 5 s y-R 2 

o 

(I) 

{wherein, n represents an integer of 1 to 3, 
R 1 represents a hydrogen atom, 
R 2 represents lower alkyl, or 

R 1 and R 2 are combined together to represent alkylene, 

R 3 represents lower alkyl, 

R 4 represents a hydrogen atom, 

NHSO z R 6 (wherein R 6 represents lower alkyl which may be substituted with one or two substituents selected from the 
group consisting of hydroxy, lower alkoxy, amino, hydroxyamino, (lower alkyl)amino, di-(ioweralkyl)amino, N-hydroxy 
(lower alky!)amino, amino-substituted (lower alkyl)thio, (lower alkyl)amino-substituted (lower alkyl)thio and di-(lower 
alkyl)amino-substituted (lower alkyl)thio, or lower alkenyl), 

NHR 7 [wherein R 7 represents lower alkyl which may be substituted with one or two substituents selected from the 
group consisting of hydroxy, lower alkoxy, amino, (lower alkyljamino and di-(lower alkyl)amino, COR 8 (wherein R 8 
represents lower alkyl which may be substituted with one or two substituents selected from the group consisting of 
hydroxy, lower alkoxy, amino, (lower alkyl)amino, di-(lower a!kyl)amino, carboxy, phenyl, hydroxyphenyl, imidazolyl, 
guanidyl, methylthio and (lower alkoxy)carbonylamino, a nitrogen-containing aliphatic heterocyclic group which may 
be substituted with (lower alkoxy)carbonyl or oxo, or lower alkoxy), or a hydrogen atom], or 
CONHR 9 (wherein R 9 represents lower alkyl which may be substituted with one or two substituents selected from the 
group consisting of hydroxy, lower alkoxy, amino, (lower alkyl)amino and di-(lower alkyhamino), and 
R 5 represents aryl which may be substituted with one to three substituents selected from the group consisting of hal- 
ogen, hydroxy, lower alkoxy, nitro, amino, cyano and carboxy), or a pharmaceutically acceptable salt thereof. 
[0008] (2) The therapeutic and/or prophylactic agent according to (1), wherein the thiadiazoiine derivative is a thiadi- 
azoiine derivative represented by the following formula (II): 
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[Formula 3] 

R 3 

4 

R 4 -(CH 2 ) n N-N R1 
0 

(II) 

(wherein R 1 , R 2 , R 3 , R 4 , R 5 , and n have the same meanings as those mentioned above), which shows a negative value 
as a specific rotation at 20'C for sodium D line (wavelength: 589.3 nm) when the thiadiazoline derivative or the phar- 
maceutically acceptable salt thereof is dissolved in methanol. 

(3) The therapeutic and/or prophylactic agent according to (1) or (2), wherein R 5 is phenyl. 

(4) The therapeutic and/or prophylactic agent according to any one of (1 ) to (3), wherein R 3 is methyl, ethyl, isopropyl 
or tert-butyl. 

(5) The therapeutic and/or prophylactic agent according to any one of (1) to (4), wherein R 1 is a hydrogen atom. 

(6) The therapeutic and/or prophylactic agent according to any one of (1) to (5), wherein R 2 is methyl or tert-butyl. 

(7) The therapeutic and/or prophylactic agent according to any one of (1) to (4), wherein R 1 and R 2 are combined 
together to form trimethylene or tetramethylene. 

(8) The therapeutic and/or prophylactic agent according to any one of (1 ) to (7), wherein R 4 is NHS0 2 R 6 (wherein R 6 
has the same meaning as that mentioned above). 

(9) The therapeutic and/or prophylactic agent according to any one of (1) to (7), wherein R 4 is CONHR 9 (wherein R 9 
has the same meaning as that mentioned above). 

(10) The therapeutic and/or prophylactic agent according to any one of (1) to (9), wherein n is 1 or 2. 

[0009] (1 1 ) The therapeutic and/or prophylactic agent according to (2), wherein the thiadiazoline derivative is a thia- 
diazoline derivative represented by any one of the following formulas (a) to (q). 



[Formula 4] 
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<VC(CH 3 ) 3 O v CH 2 CH 3 O v C(CH 3 ) 3 0^,CH(CH 3 ) 2 

(a) (b) (c) (d) 

O^CH 2 CH 3 O^CHa O^CH 3 

HA„ d I_ N H a C. H L N H 3 C H 

(e) (f) (g) 

d"6 rXJK > 



. -C(CHJ 3 

(j) 



0o O Y C(CH 3 ) 3 0o O Y C(CH 3)3 O r C(CH 3)3 

(k) (I) (m) 



CH 3 0 V C(CH 3 ) 3 H VTO 0 n °V C(; 



(CH 3 ) 3 



(n) 

CH 3 Q O^C(CH 3 ) 3 



H 3 CCH 3 0 U Y 



[0010] (12) The therapeutic and/or prophylactic agent according to any one of (1 ) to (11), wherein the hematopoietic 
tumor is a tumor selected from the group consisting of leukemia, lymphoma, multiple myeloma, plasmocytoma, myelo- 
dysplastic syndrome, and chronic myeloproliferative disorder. 

(13) The therapeutic and/or prophylactic agent according to any one of (1) to (11), wherein the hematopoietic tumor is 
a tumor selected from the group consisting of acute myeloid leukemia, acute lymphoblastic leukemia, chronic myeloid 
leukemia, chronic lymphoblastic leukemia, plasma cell leukemia, Hodgkin's lymphoma, non-Hodgkin's lymphoma, adult 
T-cell leukemia/lymphoma, multiple myeloma, plasmocytoma, myelodysplastic syndrome, and chronic myeloproliferative 
disorder. 

(14) A method for therapeutic and/or prophylactic treatment of a hematopoietic tumor, which comprises administering 
an effective amount of the thiadiazoline derivative or the pharmaceutically acceptable salt thereof described in any one 
of (1) to (11). 

(15) The method according to (14), wherein the hematopoietic tumor is a tumor selected from the group consisting of 
leukemia, lymphoma, multiple myeloma, plasmocytoma, myelodysplastic syndrome, and chronic myeloproliferative dis- 
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(1 6) The method according to (1 4), wherein the hematopoietic tumor is a tumor selected from the group consisting of 
acute myeloid leukemia, acute lymphoblastic leukemia, chronic myeloid leukemia, chronic lymphoblastic leukemia, 
plasma cell leukemia, Hodgkin's lymphoma, non-Hodgkin's lymphoma, adult T-cell leukemia/lymphoma, multiple mye- 
loma, plasmocytoma, myelodysplastic syndrome, and chronic myeloproliferative disorder. 

[001 1 ] (17) Use of the thiadiazoline derivative or the pharmaceutically acceptable salt thereof described in any one 
of (1 ) to (1 1 ) for the manufacture of a therapeutic and/or prophylactic agent for a hematopoietic tumor. 

(1 8) The use according to (1 7), wherein the hematopoietic tumor is a tumor selected from the group consisting of 
leukemia, lymphoma, multiple myeloma, plasmocytoma, myelodysplastic syndrome, and chronic myeloproliferative dis- 

(1 9) The use according to (1 7), wherein the hematopoietic tumor is a tumor selected from the group consisting of acute 
myeloid leukemia, acute lymphoblastic leukemia, chronic myeloid leukemia, chronic lymphoblastic leukemia, plasma 
cell leukemia, Hodgkin's lymphoma, non-Hodgkin's lymphoma, adult T-cell leukemia/lymphoma, multiple myeloma, 
plasmocytoma, myelodysplastic syndrome, and chronic myeloproliferative disorder. 

Effect of the Invention 

[0012] According to the present invention, a therapeutic and/or prophylactic agent for a hematopoietic tumor (for 
example, leukemia such as acute myeloid leukemia, acute lymphoblastic leukemia, chronic myeloid leukemia, chronic 
lymphoblastic leukemia, or plasma cell leukemia, lymphoma such as Hodgkin's lymphoma, non-Hodgkin's lymphoma, 
or adult T-cell leukemia/lymphoma, multiple myeloma, plasmocytoma, myelodysplastic syndrome, chronic myeloprolif- 
erative disorder or the like) comprising a thiadiazoline derivative or a pharmaceutically acceptable salt thereof as an 
active ingredient can be provided. 

Best Mode for Carrying out the Invention 

[0013] Hereinafter, compounds represented by the general formula (I) and compounds represented by the general 
formula (il) are referred to as "Compound (I)" and "Compound (II)", respectively. The compounds having the other 
formula numbers are referred to in the same manner. 
In the definition of each group of the general formulas (I) and (II): 

(i) Examples of the lower alkyl and the lower alkyl moiety in the lower alkoxy, the (lower alkyl)amino, the di-(lower 
alkyl)amino, the (lower alkoxy)carbonyl, the (lower alkoxy)carbonylamino, the N-hydroxy(lower alkyl)amino, the 
(lower alkyl)amino-substituted (lower alkyl)thio, and the di-(lower alkyl)amino-substituted (lower alkyl)thio include 
straight or branched alkyl having 1 to 10 carbon atoms, for example, methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl and the like. The two lower alkyl 
moieties in the di-(lower alkyljamino and the di-(lower alkyi)amino-substituted (lower alkyl)thio may be the same or 
different. 

(ii) Examples of the lower alkenyl include straight or branched alkenyl having 2 to 10 carbon atoms, for example, 
vinyl, allyl, 1 -propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl and the like. 

(iii) Examples of the aryl include aryl having 6 to 14 carbon atoms, for example, phenyl, naphthyl and the like. 

(iv) Examples of the alkylene include straight or branched alkylene having 1 to 10 carbon atoms, for example, 
methylene, ethylene, trimethylene, tetramethylene, pentamethylene, hexamethylene, heptamethylene, octameth- 
ylene, nonamethylene, decamethylene, propylene, ethylethylene, methylmethylene, dimethylmethylene and the like. 

[0014] (v) Examples of the nitrogen-containing aliphatic heterocyclic group include a 5- or 6-membered monocyclic 
aliphatic heterocyclic group containing at least one nitrogen atom, a bicyclic ortricyclic condensed aliphatic heterocyclic 
group comprising 3- to 8-membered rings and containing at least one nitrogen atom and the like, for example, aziridinyl, 
azetidinyl, pyrrolidinyl, piperidino, piperidinyl, perhydroazepinyl, perhydroazocinyl, imidazolidinyl, pyrazolidinyl, piper- 
azinyl, morpholino, morpholinyl, thiomorpholino, thiomorpholinyl, homopiperazinyl, tetrahydroquinolinyl, tetrahydroiso- 
quinolinyl, dihydroindolinyl, dihydroisoindolinyl and the like. 

(vi) Halogen means each atom of fluorine, chlorine, bromine, and iodine. 

(vii) The alkylene moieties in the amino-substituted (lower alkyl)thio, the (lower alkyl)amino-substituted (lower alkyl)thio, 
and the di-(lower alkyl)amino-substituted (lower alkyl)thio have the same meanings as that of the aforementioned (iv) 
alkylene. 

[0015] In each group of Compounds (I) and (II): 
Preferred examples of R 1 include a hydrogen atom. 
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Preferred examples of R 2 include methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, tert-butyl and the like, and more 
preferred examples include methyl, tert-butyl and the like. 

Preferred examples of the alkylene formed by R 1 and R 2 combined together include trimethylene, tetramethylene, 
pentamethylene and the like. 

s Preferred examples of R 3 include methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, tert-butyl and the like, and more 

preferred examples include methyl, ethyl, isopropyl, tert-butyl and the like. 

[001 6] Preferred examples of R 4 include NHS0 2 R 6B [wherein R 6B represents methyl, ethyl, propyl, vinyl, aminomethyl, 
1-aminoethyl, 2-aminoethyl, 1 -aminopropyl, 2-aminopropyl, 3-aminopropyl, methylaminomethyl, 1-(methylamino)ethyl, 
70 2-(methylamino)ethyl, 1-(methylamino)propyi, 2-(methylamino)propyl, 3-(methylamino)propyl, dimethylaminomethyl, 

1- (dimethylamino)ethyl, 2-(dimethylamino)ethyl, 1-(dimethylamino)propyl, 2-(dimethylamino)propyl, 3-(dimethylamino) 
propyl, ethylaminomethyl, 1 -(ethyiamino)ethyl, 2-(ethylamino)ethyl, 1 -(ethyiamino)propyl, 2-(ethylamino)propyl, 3-(ethyl- 
amino)propyl, diethylaminomethyl, 1 -(diethylamino)ethyl, 2-(diethylamino)ethyl, 1-(diethylamino)propyl, 2-(diethylami- 
no)propyl, 3-(diethylamino)propyl, propylaminomethyl, 2-(propylamino)ethyl, 3-(propylamino)propyl, isopropylaminome- 

15 thyl, 2-(isopropylamino)ethyl, 3-(isopropylamino)propyl, vinyl, aminomethylthiomethyl, aminoethylthiomethyl, methyl- 
aminomethylthiomethyl, dimethylaminoethylthiomethyl, aminomethylthioethyl, aminoethylthioethyl, methylaminometh- 
ylthioethyl, methylaminoethylthioethyl, dimethylaminomethylthioethyl, dimethylaminoethylthioethyl, aminomethylthio- 
propyl, aminoethylthiopropyl or the like], NHR 7B [wherein R 7B represents a hydrogen atom, methyl, ethyl, propyl, iso- 
propyl, n-butyl, aminomethyl, 1-aminoethyl, 2-aminoethyl, 1 -aminopropyl, 2-aminopropyl, 3-aminopropyl, diethylami- 
de nomethyl, 1-(methylamino)ethyl,2-(methylamino)ethyl, 1-(methylamino)propyl,2-(methylamino)propyl,3-(methylamino) 
propyl, dimethylaminomethyl, 1-(dimethylamino)ethyl,2-(dimethylamino)ethyl,1-(dimethylamino)propyl,2-(dimethylami- 
no)propyl, 3-(dimethylamino)propyl, ethylaminomethyl, 1-(ethylamino)ethyl, 2-(ethylamino)ethyl, 3-(ethylamino)propyl, 
diethylaminomethyl, 1 -(diethylamino)ethyl, 2-(diethylamino)ethyl, 3-(diethylamino)propyl, propylaminomethyl, 2-(pro- 
pylamino)ethyl, 3-(propylamino)propyl, isopropylaminomethyl, 2-(isopropylamino)ethyl, 3-(isopropylamino)propyl orthe 
25 like], NHCOR 88 (wherein R 8B represents methyl, ethyl, propyl, n-butyl, sec-butyl, tert-butyl, n-pentyl, aminomethyl, 
methylaminomethyl, dimethylaminomethyl, aminoethyl, methylaminoethyl, dimethylaminoethyl, aminopropyl, methyl- 
aminopropyl, dimethylaminopropyl, pyrrolidinyl, 2-oxopyrrolidinyl, methoxy, ethoxy, n-butoxy, sec-butoxy, tert-butoxy or 
the like], CONHR 96 [wherein R 9B represents methyl, ethyl, propyl, isopropyl, n-butyl, 2-hydroxyethyl, 2-hydroxypropyl, 
3-hydroxypropyl, 2-hydroxy-n-butyl, 3-hydroxy-n-butyl, 4-hydroxy-n-butyl, 2-hydroxy-1 -(hydroxymethyl)ethyl, 2-hy- 
30 droxy-1 -methylethyl, aminomethyl, 1 -aminoethyl, 2-aminoethyl, 1 -aminopropyl, 2-aminopropyl, 3-aminopropyl, methyl- 
aminomethyl, 1 -(methylamino)ethyi, 2-(methylamino)ethyl, 1-(methylamino)propyl, 2-(methylamino)propyl, 3-(methyl- 
amino)propyl, dimethylaminomethyl, 1-(dimethylamino)ethyl, 2-(dimethylamino)ethyl, 1 -(dimethylamino)propyl, 

2- (dimethylamino)propyl,3-(dimethylamino)propyl, ethylaminomethyl, 1-(ethylamino)ethyl,2-(ethylamino)ethyl,3-(ethyl- 
amino)propyl, diethylaminomethyl, 1-(diethylarnino)ethyl, 2-(diethylamino)ethyl, 3-(diethylamino)propyl, propylami- 

35 nomethyl, 2-(propylamino)ethyl,3-(propylamino)propyl,isopropylaminomethyl,2-(isopropylamino)ethyl,3-(isopropylami- 
no)propyl or the like] and the like, more preferred examples include NHS0 2 R 6B (wherein R 6B has the same meaning 
as that mentioned above), NHCOR 86 (wherein R 8B has thesame meaning as that mentioned above), CONHR 98 (wherein 
R 9B has the same meaning as that mentioned above) and the like, still more preferred examples include NHS0 2 R 6B 
(wherein R 6B has the same meaning as that mentioned above), NHC0R 8BB (wherein R 8BB represents methoxy, ethoxy, 

40 n-butoxy, sec-butoxy, tert-butoxy orthe like), CONHR 96 (wherein R 9B has the same meaning as that mentioned above) 
and the like, and still further preferred examples include NHS0 2 R 6B (wherein R 6B has the same meaning as that men- 
tioned above), NHCOR 8BB (wherein R 8BB has the same meaning as that mentioned above) and the like. 
Preferred examples of R 5 include phenyl and the like, 
n is preferably 1 or 2. 

45 [0017] As Compounds (I) and (I I), preferred are those having a combination of substituents selected from the preferred 
substituents mentioned above per group. For example, preferred are those compounds wherein R 1 is a hydrogen atom, 
R 2 is methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, tert-butyl or the like, or R 1 and R 2 are combined together to 
represent trimethylene, tetramethylene, pentamethylene or the like, R 3 is methyl, ethyl, propyl, isopropyl, n-butyl, sec- 
butyl, tert-butyl or the like, R 4 is NHS0 2 R 6B (wherein R 6B has the same meaning as that mentioned above), NHR 7B 

50 (wherein R 76 has the same meaning as that mentioned above), NHCOR 88 (wherein R 8B has the same meaning as that 
mentioned above), CONHR 98 (wherein R 9B has the same meaning as that mentioned above) orthe like, R 5 is phenyl, 
and n is 1 or 2, more preferred are those compounds wherein R 1 is a hydrogen atom, R 2 is methyl, tert-butyl orthe like, 
or R 1 and R 2 are combined together to represent trimethylene, tetramethylene orthe like, R 3 is methyl, ethyl, isopropyl, 
tert-butyl orthe like, R 4 is NHS0 2 R 6B (wherein R 6B has the same meaning as that mentioned above), NHCOR 86 (wherein 

55 R8B h as the same meaning as that mentioned above), CONHR 96 (wherein R 9B has the same meaning as that mentioned 
above) orthe like, 

R 5 is phenyl, and n is 1 or 2, still more preferred are those compounds wherein R 1 is a hydrogen atom, R 2 is tert-butyl 
orthe like, or R 1 and R 2 are combined together to represent trimethylene, tetramethylene orthe like, R 3 is methyl, ethyl, 



7 
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isopropyl, tert-butyl or the like, R 4 is NHS0 2 R 6B (wherein R 6B has the same meaning as that mentioned above), 
NHCOR 8BB (wherein R 8BB has the same meaning as that mentioned above), CONHR 9B (wherein R 9B has the same 
meaning as that mentioned above), R 5 is phenyl, and n is 1 or 2, and further preferred are those compounds wherein 
R 1 is a hydrogen atom, R 2 is tert-butyl or the like, or R 1 and R 2 are combined together to represent trimethylene, 
tetramethylene or the like, R 3 is methyl, ethyl, isopropyl, tert-butyl or the like, R 4 is NHS0 2 R 6B (wherein R 6B has the 
same meaning as that mentioned above), NHCOR 8BB (wherein R 8BB has the same meaning as that mentioned above) 
or the like, R 5 is phenyl, and n is 1 or 2. 

[0018] Further, as Compound (I), preferred are those compounds showing a negative value as a specific rotation at 
20°C for sodium D line (wavelength: 589.3 nm) when they are dissolved in methanol. 

Furthermore, in Compounds (I) and (II), the asymmetric center to which R 5 binds is preferably in the R-configuration 
when n is 1, or the asymmetric center to which R s binds is preferably in the S-configuration when n is 2 or 3. Namely, 
Compounds (I) and (II) are preferably compounds having the steric configuration represented by the following formula (Z). 



[0019] Examples of the pharmaceutical^ acceptable salt of Compound (I) include pharmaceutical^ acceptable acid 
addition salts, metal salts, ammonium salts, organic amine addition salts, amino acid addition salts and the like. Examples 
of the pharmaceutical^ acceptable acid addition salt of Compound (I) include an inorganic acid salt such as hydrochloride, 
sulfate and phosphate, an organic acid salt such as acetate, maieate, fumarate and citrate, and the like. Examples of 
the pharmaceutical^ acceptable metal salt include an alkali metal salt such as a sodium salt and a potassium salt, an 
alkaline-earth metal salt such as a magnesium salt and a calcium salt, an aluminium salt, a zinc salt and the like. 
Examples of the pharmaceutically acceptable ammonium salt include a salt of ammonium, tetramethylammonium or 
the like. Examples of the pharmaceutically acceptable organic amine addition salt include an addition salt of morpholine, 
piperidine or the like. Examples of the pharmaceutically acceptable amino acid addition salt include an addition salt of 
lysine, glycine, phenylalanine, aspartic acid, glutamic acid or the like. 

In addition to the pharmaceutically acceptable salt mentioned above, examples of salts of Compound (I) include a 
trifluoroacetate, a trifluoromethanesulfonate and the like. 

[0020] Next, the methods of preparing the Compounds (I) and (II) are described as follows. 
Preparing method 1 

[0021] Compound (I) can be prepared by the methods described in WO2003/051854, WO2004/092147, 
WO2004/1 1 1 024 and the like. 

Preparing method 2 

[0022] Compound (I I) can be prepared by subjecting Racemate (la) which can be obtained by the methods described 
in WO2003/051 854, WO2004/0921 47, WO2004/1 1 1 024 and the like to preparative high performance liquid chromatog- 
raphy using, for example, a column for optical isomer separation [for example, CHIRALPAK AD (Daicel Chemical 
Industries, Ltd.)] to separate each optical isomer. 



[Formula 5] 




(Z) 
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[Formula 6] 

R 3 R 3 
R 4 "(CH 2 ) n N-N R 1 . R 4 -(CH 2 ) n N-N r1 

0 o 
(la) (II) 

(wherein R 1 , R 2 , R 3 , R 4 , R 5 , and n have the same meanings as those mentioned above, respectively) 
Preparing method 3 

[0023] Compound (II) can also be prepared in accordance with the following steps. 
[Formula 7] 

^R 3 ^R 3 ^R 3 

^"ST^h, -ssi- H '-™--Zym rHcM! °<>-m„ 

R s S R 5 ^— R 10 R 5 S }-( 



0=K 0=( 
Step 3 R 4 -(CH 2 )„ N-N Step 4 R— (CHa) n N-N R 1 

r 5 r 5 >- r 



(wherein R 1 , R 2 , R 3 , R 4 , R 5 , and n have the same meanings as those mentioned above, respectively, and R 10 repre- 
sents an optically active substituent having one asymmetric center, for example, optically active C vw alkyl, optically 
active hydroxy-substituted C,.^ alkyl, optically active C,.^ alkoxy-substituted C,.^ alkyl, optically active phenyl-sub- 
stituted C VK alkyl, optically active naphthyl-substituted alkyl or the like, and examples of the C 1 _ t 0 alkyl and the 
C^g alkyl moiety of the C^q alkoxy include the groups exemplified for the lower alkyl mentioned above.) 
[0024] The compound (A; racemate) obtained by the methods described in WO2003/051 854, WO2004/092147, 
WO2004/1 1 1 024 or the like is reacted with an optically active acylating agent [R 10 COX (wherein R 10 has the same 
meaning as that mentioned above, and X represents chlorine atom, bromine atom, iodine atom or the like); (R 10 CO) 2 O 
(wherein R 10 has the same meaning as that mentioned above), orthe like, for example, (R)-(-)-2-phenylpropionyl chloride, 
(S)-(+)-2-phenylpropionyl chloride and the like] according to, for example, the method described in Shin-Jikken-Kagaku- 
Koza Vol. 14, p.1 142 (Maruzen, 1978) orthe like to obtain a compound (B; mixture of diastereomers) (Step 1). Next, 
the diastereomers of Compound (B) obtained are separated by silica gel column chromatography, recrystallization, or 
other means to obtain a compound (C; one diastereomer) (Step 2). Then, Compound (C) obtained is treated with a 
reducing agent such as sodium borohydride, or the like according to, for example, the method described in 
WO2003/051 854 orthe like and thereby converted into Compound (D) (Step 3), and finally, Compound (D) can be, for 
example, acylated according to, for example, the method described in W02003/051 854 or the like to obtain Compound 
(II) (Step 4). 

Preparing method 4 



[0025] Among Compound (II), Compound (lla) wherein n is 1 , and R 4A is NHS0 2 R 6 (wherein R 6 has the same meaning 
as that mentioned above) or NHR 7A (wherein R 7A has the same meaning as that mentioned above) can also be prepared 
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in accordance with the following steps. 



[Formula 8] 




Step 2 



(Id) (Ha) 



(wherein R 4a represents NHS0 2 R 6 (wherein R 6 has the same meaning as that mentioned above) or NHR 7 (wherein 
R 7 has the same meaning as that mentioned above), and R 1 , R 2 , R 3 and R 5 have the same meanings as those men- 
tioned above, respectively) 

[0026] The compound (lb; racemate) obtained by the method described in WO2003/051854, WO2004/092147, 
WO2004/1 1 1 024 or the like is subjected to preparative high performance liquid chromatography using a column for 
optical isomer separation [for example, CHIRALPAK AD (Daicel Chemical Industries, Ltd.)] to obtain a compound (Ic; 
one enantiomer) (Step 1). Next, Compound (Ic) obtained is treated with an acid such as hydrochloric acid and trifluor- 
oacetic acid according to, for example, the method described in WO2004/1 1 1 024 or the like and thereby converted into 
Compound (Id) (Step 2), and then sulfonylation, acylation, alkylation and the like of Compound (Id) can be performed 
according to, for example, the method described in WO2004/1 1 1 024 or the like to prepare Compound (I la) (Step 3). 

Preparing method 5 

[0027] Among Compound (I), Compound (IA) wherein R 1 is a hydrogen atom, R 2 and R 3 , which are the same, represent 
lower alkyl, and R 4 is tert-butoxycarbonylamino can also be prepared in accordance with the following steps. 



. CH 3 O 

- h'PV-„ vo 



(X) 

, CH 3 o 



CH 3 o 

R 5 s >-NH 2 H 3 C>VV r ^NH_ r3 

O 

(XII) (IA) 



(wherein n, R 1 , R 3 and R 5 have the same meaning as those mentioned above, respectively) 
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Step 1 

[0028] Compound (XI) can be prepared by the reaction of Compound (X) with di-tert-butyl dicarbonate in a suitable 
solvent in the presence of a base. 

s [0029] Specifically, for example, Compound (XI) can be prepared by dissolving Compound (X) in a suitable solvent, 
adding di-tert-butyl dicarbonate and then a base, and allowing them to react at a temperature preferably between O'C 
and 80'C, more preferably between O'C and 40'C, for 5 minutes to 72 hours, preferably 30 minutes to 4 hours. 
Di-tert-butyl dicarbonate is preferably used in an amount of 1 to 10 equivalents, more preferably 1 to 3 equivalents, still 
more preferably 1 to 1.2 equivalents, to Compound (X). 

10 Examples of the solvent include, for example, hydrophilic solvents such as methanol, ethanol, acetonitrile, dioxane, N, 
N-dimethylformamide (DMF), N,N-dimethylacetamide (DMA), N-methylpyrrolidone (NMP) and pyridine, non-hydrophilic 
organic solvents such as dichloromethane, chloroform, 1 ,2-dichloroethane, toluene, methyl acetate, ethyl acetate, propyl 
acetate, isopropyl acetate, butyl acetate, diethyl ether, tetrahydrofuran (THF), and 1 ,2-dimethoxyethane (DME), water 
and the like, and they can be used alone or as a mixture. Preferred examples include non-hydrophilic organic solvents, 

'5 or mixed solvents of a non-hydrophilic organic solvent and water, more preferred examples include organic solvents 
such as methyl acetate, ethyl acetate, propyl acetate, isopropyl acetate and butyl acetate, and mixed solvents of these 
organic solvents and water, and still more preferred examples include mixed solvents of ethyl acetate and water (2:1 to 
1 :2, preferably 4:3 to 3:4, more preferably 5:4 to 1 :1 , still more preferably 1:1). Further, the total amount of the solvent 
used is, for example, such an amount that the concentration of Compound (X) should become 1 0 to 600 g/L, preferably 

20 20 to 200 g/L, more preferably 30 to 80 g/L. 

[0030] Examples of the base include, for example, sodium hydrogencarbonate, potassium hydrogencarbonate, sodium 
carbonate, potassium carbonate, potassium hydroxide, sodium hydroxide, lithium hydroxide, sodium methoxide, potas- 
sium tert-butoxide, triethylamine, diisopropylethylamine, N-methylmorpholine, pyridine, 1,8-diazabicyclo[5.4.0]-7-un- 
decene (DBU) and the like, preferred examples include sodium hydrogencarbonate, potassium hydrogencarbonate, 

25 sodium carbonate, potassium carbonate, potassium hydroxide, sodium hydroxide and the like, and more preferred 
examples include sodium hydrogencarbonate, potassium carbonate and the like. The base is preferably used in a large 
excess amount, more preferably in an amount of 1 to 30 equivalents, still more preferably 1 to 5 equivalents, further 
preferably 1 to 1 .2 equivalents, to Compound (X). The base is preferably dissolved in a suitable volume of water, and 
slowly added as an aqueous solution at a concentration of, for example, 1 to 6 mol/L, preferably 1 .5 to 2.5 mol/L, to a 

30 solution dissolving Compound (X) and di-tert-butyl dicarbonate with vigorous stirring at atemperature preferably between 
O'C and 40°C, more preferably between O'C and 10'C. 

Compound (X) can be obtained as a commercial product, or according to the methods described in, for example, J. 
Med. Chem., Vol. 25, p.1045 (1982); Synthesis, Vol. 28, p.615 (1990) and the like. 



[0031] Compound (XII) can be prepared by the reaction of Compound (XI) obtained in Step 1 mentioned above with 
thiosemicarbazide in a suitable solvent. 

Specifically, Compound (XII) can be prepared by dissolving Compound (XI) obtained in Step 1 mentioned above in a 
40 suitable solvent, adding dropwise a solution of thiosemicarbazide in aqueous hydrochloric acid preferably atatemperature 
between -10'C and 60'C, more preferably between 0"C and 20°C, stirring the mixture preferably at room temperature, 
for 5 minutes to 72 hours, preferably 30 minutes to 4 hours, and then for 30 minutes to 24 hours, preferably 30 minutes 
to 4 hours, under ice cooling, collecting deposited solid, washing and drying the resulting solid. 
Examples of the solvent include, for example, hydrophilic solvents such as methanol, ethanol, propanol, 2-propanol, 
45 butanol, sec-butanol, tert-butanol, acetonitrile, dioxane, DMF, DMA, NMP and pyridine, non-hydrophilic solvents such 
as dichloromethane, chloroform, 1 ,2-dichloroethane, toluene, ethyl acetate, diethyl ether, THF and DME, water and the 
like, and they are used alone or as a mixture. Preferred examples include hydrophilic solvents or mixed solvents of a 
hydrophilic solvent and water, more preferred examples include methanol, ethanol, propanol, 2-propanol, butanol, sec- 
butanol, tert-butanol, mixed solvents of these and water and the like, and still more preferred examples include methanol, 
so ethanol, mixed solvents of these and water and the like. A mixed solvent with water is most preferred, and a mixed 
solvent of methanol or ethanol and water (for example, 9:1 to 1:9, preferably 8:2 to 5:5, more preferably 7:3 to 6:4 
(methanol or ethanokwater)) is especially preferred. The amount of the solvent used is, for example, such an amount 
that the concentration of Compound (XI) should become 50 to 600 g/L, preferably 80 to 300 g/L, more preferably 1 00 
to 200 g/L. 

55 [0032] Thiosemicarbazide is preferably used in an amount of 1 to 5 equivalents, more preferably 1 to 3 equivalents, 
still more preferably 1.1 to 2.2 equivalents. Moreover, thiosemicarbazide is preferably used as an aqueous solution 
acidified with hydrochloric acid, and for example, it is dissolved in, for example, 0.5 to 1 2 mol/L, preferably 0.5 to 6 mol/L, 
more preferably 2 to 3 mol/L of hydrochloric acid at a concentration of, for example, 100 g to 1 kg/L, preferably 150 to 
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300 g/L, more preferably 1 90 to 230 g/L, and used. 

Furthermore, more preferably, by adding separately prepared crystals of Compound (XII), if needed, when 20 to 90%, 
preferably 30 to 80%, more preferably 40 to 60%, or total amount of thiosemicarbazide used was added, crystallization 
of Compound (XII) produced can be accelerated, and the reaction can be performed more efficiently. Depending on the 
s reaction conditions, stability of Compound (XII) dissolved in the solvent may not be sufficient, and it is preferred that 
Compound (XII) produced should be immediately crystallized from the reaction solution. 

Under the aforementioned preferred reaction conditions, the product (Compound (XII)) deposits as solid in the reaction 
mixture, and the deposited solid can be collected by, for example, filtration, or other techniques. Further, for washing of 
the resulting solid, for example, the solvent used for the reaction, water, mixed solvents of these and the like are used, 
»o and these washing solvents are preferably cooled before use. It is preferable to perform the washing with ice-cooled 
water or an ice-cooled mixed solvent of water and methanol (1:2 to 2:1, preferably 1:1). 

Drying of the resulting solid is preferably performed, for example, at a temperature between 1 0'C and 60"C under reduced 
pressure for 30 minutes to 72 hours. 

is step 3 

[0033] Compound (IA) can be prepared by the reaction of Compound (XII) with R 3 COX (wherein Ft 3 and X have the 
same meaning as those mentioned above), or (R 3 CO) 2 0 (wherein R 3 has the same meaning as that mentioned above) 
in a solvent in the presence of a base. 

20 Specifically, for example, Compound (IA) can be prepared by adding Compound (XII) to a suitable solvent, slowly adding 
R 3 COX (wherein R 3 and X have the same meaning as those mentioned above) or (R 3 CO) 2 0 (wherein R 3 has the same 
meaning as that mentioned above) to the mixture in the presence of a base at a temperature preferably between 0'C 
and 30'C, and allowing them to react at a temperature preferably between 0'C and 60°C, more preferably between 5*C 
and 40'C, for 5 minutes to 72 hours, preferably 30 minutes to 10 hours. Compound (IA) can be isolated by preferably 

25 adding hydrochloric acid to the reaction mixture, removing the aqueous phase, if necessary, then adding water dropwise, 
collecting the deposited solid, washing and drying the resulting solid. 

Examples of the solvent include, for example, hydrophilic solvents such as methanol, ethanol, acetone, methyl ethyl 
ketone, acetonitrile, propionitrile, dioxane, DMF, DMA, NMP and pyridine, non-hydrophilic solvents such as dichlorometh- 
ane, chloroform, 1 ,2-dichloroethane, toluene, ethyl acetate, diethyl ether, THF and DME, water and the like, and they 
so can be used alone or as a mixture. Preferred examples include hydrophilic solvents, more preferred examples include 
acetonitrile, propionitrile, acetone, methyl ethyl ketone, pyridine and the like, and still more preferred examples include 
acetonitrile. The amount of the solvent used is, for example, such an amount that the concentration of Compound (XII) 
should become 30 to 600 g/L, preferably 50 to 300 g/L, more preferably 80 to 120 g/L. 

[0034] Examples of the base include, for example, potassium acetate, sodium hydrogencarbonate, potassium car- 
35 bonate, potassium hydroxide, sodium hydroxide, sodium methoxide, potassium tert-butoxide, triethylamine, diisopro- 

pylethylamine, N-methylmorpholine, pyridine, DBU and the like, and preferred examples include pyridine and the like. 

The base is used in an amount of 2 to 12 equivalents, preferably 2.5 to 5 equivalents, to Compound (XII). 

Examples of R 3 COX include, for example, R 3 COCI, R 3 COBr and the like, and it is preferably used in an amount of 2 to 

10 equivalents, more preferably 2.5 to 3.5 equivalents, to Compound (XII). (R 3 CO) 2 0 is preferably used in amount of 
to 2 to 1 0 equivalents, more preferably 2.5 to 3.5 equivalents, to Compound (XII). These are preferably added dropwise 

to a mixture of Compound(XII), the base and the solvent with stirring under ice cooling. 

For obtaining the deposited solid, for example, filtration and other techniques can be used. 

For washing of the resulting solid, for example, water or the solvent used for the reaction, a mixed solvent of these or 
the like can be used, and these are preferably cooled before use. It is preferable to wash the solid with a cooled mixed 
■ts solvent of the solvent used for the reaction and water (30:1 to 1:1, preferably 15:1 to 5:1), and successively wash the 
same with cold water. 

Drying of the resulting solid is preferably performed, for example, at a temperature between 1 0*C and 70"C under reduced 
pressure for 1 to 72 hours. 

so Preparing method 6 

[0035] Among Compound (II), Compound (MA.) wherein R 1 is a hydrogen atom, R 2 and R 3 , which are the same, 
represent lower alkyl, and R 4 is tert-butoxycarbonylamino can also be prepared by using Compound (IA) obtained by 
Preparing method 5 or the like according to, for example, the method described in Preparing method 2. 
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[Formula 10] 



3 >L A ( CH 2)r 
H F 



0< 




* 3 




o 



(IA) 



(HA) 



(wherein n, R 3 and R 5 have the same meaning as those mentioned above, respectively) 
Preparing method 7 

[0036] Among Compounds (I) and (II), Compounds (IB) and (IIB) wherein R 1 is a hydrogen atom, R 2 and R 3 , which 
are the same, represent lower alkyl, and R 4 is amino can also be prepared in accordance with the following step. 

[Formula ll] 



(wherein n, R 3 and R 5 have the same meanings as those mentioned above, respectively) 

Compound (IB) or (IIB) can be prepared by treatment of Compound (IA) or (I IA.) obtained by Preparing method 1 , 2, 
3, 5, 6 or the like with an appropriate acid. 

Specifically, for example, hydrochloride of Compound (IB) or (IIB) can be prepared by dissolving Compound (IA) or 
(HA) obtained by Preparing method 1 , 2, 3, 5, 6 orthe like in a suitable solvent, if necessary, and treating it with, for 
example, a solution containing hydrogen chloride. The treatment is preferably performed at a temperature between 
CfC to 60'C, more preferably between 5°C and 40'C, for 5 minutes to 72 hours, more preferably 1 to 12 hours, and 
further stirring for 10 minutes to 4 hours under ice cooling, if necessary. Hydrochloride of Compound (IB) or (IIB) is 
preferably isolated by, for example, collecting solid deposited in the mixture, washing and drying the solid, if necessary. 
[0037] Examples of the solution containing hydrogen chloride include, for example, a solution dissolving hydrogen 
chloride at a concentration of, for example, 1 to 1 2 mol/L, preferably 1 to 8 mol/L, more preferably 2 to 6 mol/L, in methyl 
acetate, ethyl acetate, propyl acetate, isopropyl acetate, butyl acetate, methanol, ethanol, dioxane orthe like. Preferred 
examples include, for example, a solution dissolving hydrogen chloride at a concentration of, for example, 1 to 1 2 mol/L, 
preferably 1 to 8 mol/L, more preferably 2 to 6 mol/L, in a solvent such as methyl acetate, ethyl acetate, propyl acetate, 
isopropyl acetate, or butyl acetate, more preferably ethyl acetate, and particularly preferred are 4 mol/L hydrogen chloride 
in ethyl acetate and the like. 

Examples of the solvent for dissolving Compound (IA) or (HA) include, for example, the same solvents as those for the 
aforementioned solution containing hydrogen chloride, and specific preferred examples include ethyl acetate and the like. 
As the method for obtaining the solid, for example, filtration and other techniques can be used. 
Washing of the resulting solid is preferably performed by using a cooled solvent the same as that used for the afore- 
mentioned solution containing hydrogen chloride, specifically, preferably by using cold ethyl acetate orthe like. 
Drying of the resulting solid is performed, for example, preferably at a temperature between 10'C and 120'C, more 
preferably 20°C and 1 00°C, still more preferably 30"C and 80'C, for 1 to 72 hours, preferably 1 to 24 hours, under reduced 




( MA) 



(IIB) 
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Preparing method 8 

[0038] Among Compound (I), Compounds (ICa), (ICb) and (ICc) wherein R 4 is NHS0 2 R 6 (wherein R 6 has the same 
meaning as that mentioned above); NHR 7C (wherein R 7C represents lower alkyl which may have 1 or 2 substituents 
selected from the group consisting of hydroxy, lower aikoxyl, amino, (lower alkyl)amino and di-(lower alkyl)amino, among 
the groups defined for R 7 ), or NHCOR 8 (wherein R 8 has the same meaning as that mentioned above) can also be 
prepared in accordance with the following steps. 

[Formula 12] 



H 2 N-(CH 2 ) n ^-N_ 



0=< 



If (CH2)„ M R 1 R 7 = (CH2) n N-N R 1 

or ' o 

(ICa) 3 (ICb) 



(wherein n, R 1 , R 2 , R 3 , R 5 , R 6 , R 7C , and R 8 have the same meanings as those mentioned above, respectively) 
Compound (ICa) can be prepared by the reaction of Compound (IB) obtained by Preparing method 1, 2, 4, 7 or the 
like with 1 to 20 equivalents, preferably 1 to 5 equivalents, of R 6 S0 2 X (wherein R 6 and X have the same meanings as 
those mentioned above, respectively), or (R 6 S0 2 ) 2 0 (wherein R 6 has the same meaning as that mentioned above) in 
a suitable solvent in the presence of 0.5 to 20 equivalents, preferably 1 to 5 equivalents, of a base, if necessary, at a 
temperature between -20'C and 150'C, preferably -10'C and 30'C, for 5 minutes to 72 hours. 
[0039] Examples of the solvent include, for example, dichloromethane, chloroform, 1 ,2-dichloroethane, toluene, ethyl 
acetate, acetonitriie, diethyl ether, THF, DME, dioxane, DMF, DMA, NMP, pyridine and the like, and they can be used 
alone or as a mixture. 

Examples of the base include, for example, sodium hydrogencarbonate, potassium carbonate, potassium hydroxide, 
sodium hydroxide, sodium methoxide, potassium tert-butoxide, triethylamine, diisopropylethylamine, N-methylmorpho- 
line, pyridine, DBU and the like. 

Compound (ICb) can be obtained by the reaction of Compound (IB) obtained by Preparing method 1 , 2, 4, 7 or the like 
with 1 to 20 equivalents of R 7C X (wherein R 7C and X have the same meanings as those mentioned above, respectively) 
in a suitable solvent in the presence of 0.5 to 20 equivalents of a base, if necessary, at a temperature between -20'C 
and 150'C for 5 minutes to 72 hours. 

Examples of the solvent include, for example, dichloromethane, chloroform, 1 ,2-dichloroethane, toluene, ethyl acetate, 
acetonitriie, diethyl ether, THF, DME, dioxane, DMF, DMA, NMP, pyridine and the like, and they can be used alone or 

[0040] Examples of the base include, for example, sodium hydrogencarbonate, potassium carbonate, potassium 
hydroxide, sodium hydroxide, sodium methoxide, potassium tert-butoxide, triethylamine, diisopropylethylamine, N-meth- 
ylmorpholine, pyridine, DBU and the like. 

Moreover, as an alternative method, Compound (ICb) can be prepared by the reaction of Compound (IB) obtained by 
Preparing method 1,2, 4, 7orthe like with preferably 1 to 20 equivalents, more preferably 1 to 5 equivalents, of a ketone 
or aldehyde corresponding to R 7C (for example, formaldehyde when R 7C is methyl, acetaldehyde when R 7C is ethyl, 
acetone when R 7C is isopropyl, and the like) in a suitable solvent in the presence of preferably 1 to 20 equivalents, more 
preferably 1 to 5 equivalents, of a reducing agent, and preferably 1 to 20 equivalents, more preferably 1 to 5 equivalents, 
of an acid at a temperature between -20'C and 1 50'C for 5 minutes to 72 hours. 

Examples of the reducing agent include, for example, sodium borohydride, sodium triacetoxyborohydride, sodium cy- 
anoborohydride and the like. 

Examples of the acid include, for example, hydrochloric acid, acetic acid, trifluoroacetic acid and the like. 
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Examples of the solvent include, for example, methanol, ethanol, dichloromethane, chloroform, 1 ,2-dichloroethane, 
toluene, ethyl acetate, acetonitrile, diethyl ether, THF, DME, dioxane, DMF, DMA, NMP, water and the like, and they 
can be used alone or as a mixture. 

[0041] Compound (ICc) can be obtained by the reaction of Compound (IB) obtained by Preparing method 1 , 2, 4, 7 
or the like with 1 to 20 equivalents of R 8 COX (wherein R 8 and X have the same meanings as those mentioned above, 
respectively) or (R 8 CO) 2 0 (wherein R 8 has the same meaning as that mentioned above) without solvent or in a suitable 
solvent in the presence of 0.5 to 20 equivalents of a base, if necessary, at a temperature between -20"C and 1 50"C for 
5 minutes to 72 hours. 

Examples of the solvent include, for example, dichloromethane, chloroform, 1 ,2-dichloroethane, toluene, ethyl acetate, 
acetonitrile, diethyl ether, THF, DME, dioxane, DMF, DMA, NMP, pyridine and the like, and they can be used alone or 
as a mixture. 

Examples of the base include, for example, sodium hydrogencarbonate, potassium carbonate, potassium hydroxide, 
sodium hydroxide, sodium methoxide, potassium tert-butoxide, triethylamine, diisopropylethylamine, N-methylmorpho- 
line, pyridine, DBU and the like. 

By performing the same procedures as those mentioned above using Compound (IIB) obtained by Preparing method 
2, 7 orthe like instead of Compound (IB), Compounds (ICa) and (ICb) having the same configuration as that of Compound 
(IIB) can be obtained. 

Preparing method 9 

[0042] Among Compound (I), Compound (ID) wherein R 4 is NHS0 2 CH 2 CH 2 R 4B (wherein R 4B represents amino, 
hydroxyamino, (lower alkyl)amino, di-(lower alkyl)amino, N-hydroxy(lower alkyl)amino, amino-substituted (lower alkyl) 
thio, (lower alkyl)amino-substituted (lower alkyl)thio or di-(lower alkyl)amino-substituted (lower alkyl)thio among the 
substituents of the lower alkyl defined for R 6 ) can also be prepared in accordance with the following steps. 



[Formula 13] 



H 2 N-(CH 2 V N-N R 1 _ op 0= < 



R 3 



-R z 

b' 



(IB) 



9wP 



R d 
N-N 



N-N 
H % y 



bte P 2 , R 4B/\^N X >-N 



> r2 



(wherein n, R 1 , R 2 , R 3 , R 5 and R 4B have the same meanings as those mentioned above, respectively) 



[0043] Compound (IDa) can be prepared by the reaction of Compound (IB) obtained by Preparing method 1 , 2, 4, 7 
or the like with 1 to 20 equivalents, preferably 1 to 5 equivalents of CICH 2 CH 2 S0 2 CI without solvent or in a suitable 
solvent in the presence of preferably 1 to 20 equivalents of a base, if necessary, at a temperature between -20'C and 
1 50*C, preferably -1 0°C and 30°C, for 5 minutes to 72 hours, preferably 5 minutes to 5 hours. Compound (IB) can also 
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preferably be used as an acid addition salt such as hydrochloride, and in such a case, the base is preferably used in an 
amount of 2 equivalents or more. 

Examples of the solvent include, for example, dichloromethane, chloroform, 1 ,2-dichloroethane, toluene, ethyl acetate, 
acetonitrile, diethyl ether, THF, DME, dioxane, DMF, DMA, NMP, N,N'-dimethylimidazolidinone (DMI), pyridine and the 
like, and they can be used alone or as a mixture. Ethyl acetate, acetonitrile and the like are particularly preferred. 
Examples of the base include, for example, sodium hydrogencarbonate, potassium carbonate, potassium hydroxide, 
sodium hydroxide, sodium methoxide, potassium tert-butoxide, triethylamine, diisopropylethylamine, N-methylmorpho- 
line, pyridine, N-methylpiperidine, N,N'-dimethylpiperazine, DBU and the like. 

Step 2 

[0044] Compound (ID) can be prepared by the reaction of Compound (IDa) obtained in Step 1 mentioned above with 
1 equivalent to large excess amount, preferably 5 to 1 00 equivalents, more preferably 1 0 to 20 equivalents of R^R^NH 
(wherein R 4C and R 4D are the same or different, and represent a hydrogen atom, hydroxy or the lower alkyl moiety in 
the lower alkylamino, di-(lower alkyl)amino or N-hydroxy(lower alkyl)amino among the substituents of the lower alkyl 
defined for R 6 ), or R 4E SH (wherein R 4E represents amino-substituted lower alkyl, (lower alkyl)amino-substituted lower 
alkyl, and di-(loweralkyl)amino-substituted lower alkyl in the amino-substituted (lower alkyl)thio, the (lower alkyl)amino- 
substituted (lower alkyl)thio and the di-(lower alkyljamino-substituted (lower alkyl)thio among the substituents of the 
lower alkyl defined for R 6 ) without solvent or in a suitable solvent in the presence of 1 to 10 equivalent a base, is 
necessary, at a temperature between - 10'C and 150'C, preferably -10'C and 40'C, for 5 minutes to 72 hours. 
Examples of the solvent include, for example, methanol, ethanol, propanol, 2-propanol, butanol, dichloromethane, chlo- 
roform, 1 ,2-dichloroethane, toluene, ethyl acetate, acetonitrile, diethyl ether, THF, DME, dioxane, DMF, DMA, NMP, 
pyridine, water and the like, and they can be used alone or as a mixture. Methanol, ethanol and the like and a mixed 
solvent of these and water are preferred. 

Examples of the base include, for example, sodium hydrogencarbonate, potassium carbonate, potassium hydroxide, 
sodium hydroxide, sodium methoxide, potassium tert-butoxide, triethylamine, diisopropylethylamine, N-methylmorpho- 
line, pyridine, DBU and the like. 

[0045] Among Compounds (I) and (II), stereoisomers such as geometrical isomers and optical isomers, regioisomers, 
tautomers and the like may be existed. Including these isomers, all possible isomers and the mixtures thereof can be 
used for the therapeutic and/or prophylactic agent for a hematopoietic tumor of the present invention. 
To obtain a salt of Compound (I) or (II), when Compound (I) or (II) is obtained as a salt form, the salt, per se, may be 
purified. When Compound (I) or (II) is obtained as a free form, Compound (I) or (II) may be dissolved or suspended in 
an appropriate solvent, and added an appropriate acid or base to form a salt and then be isolated and purified. 
In addition, Compound (I) or (II) or a pharmaceutical^/ acceptable salt thereof may exist in the form of adducts with water 
or various solvents. These adducts can also be used for the therapeutic and/or prophylactic agent for a hematopoietic 
tumor of the present invention. 

Specific examples of Compounds (I) and (II) are shown in Tables 1 and 2. However, Compounds (I) and (II) used for 
the therapeutic and/or prophylactic agent for a hematopoietic tumor of the present invention are not limited to these 
examples. 
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[0048] Next, pharmacological activities of Compounds (I) and (II) will be specifically explained by the following test 
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examples. 

Test Example 1 : Cell growth inhibition tests against hematopoietic tumor cell lines 

[0049] As hematopoietic tumor cell lines, human acute lymphoblastic leukemia RS4;1 1 cells (ATCC No. CRL-1 873), 
human chronic myeloid leukemia K-562 cells (ATCC No. CCL-243), and human multiple myeloma NCI-H929 cells (ATCC 
No. CRL-9068) were used. Forthe culture of the cells, RPM1 1640 Medium (Invitrogen, catalog No. 1 1 875-093) containing 
10% fetal bovine serum (Invitrogen, catalog No. 10099-141), 10 mmol/L 4-(2-hydroxyethyl)-1-piperazinethanesulfonic 
acid (HEPES) buffer (ICN Biomedicals, catalog No. 1688449), 1 mmol/L sodium pyruvate (Invitrogen, catalog No. 
11360-070), 4.5 g/L glucose (Sigma-Aldrich, catalog No. G8769), 100 units/mL penicillin (Invitrogen, catalog No. 
1 51 40-122) and 1 00 (ig/mLstreptomycin (Invitrogen, catalog No. 151 40-1 22) was used. The cells were cultured at 37'C 
in a 5% carbon dioxide atmosphere. 

[0050] RS4;1 1 cells (20000 cells/well), K-562 cells (1 000 cells/well), or NCI-H929 cells (1 5000 cells/well) were seeded 
in each well of 96-well plates (Nunc, catalog No. 167008), and cultured overnight. Test compounds diluted stepwise 
were added, and the cells were further cultured for 72 hours (final volume: 1 00 (jl/well). Fifty \lL XTT labeling mixture 
of Cell Proliferation Kit II (XTT) (Roche Diagnostics, catalog No. 146501 5) was added to each well, and the plates were 
incubated at 37°C. After 4 hours, absorbance at 490 nm (reference wavelength: 655 nm) was measured with a plate 
reader (Molecular Device, SpectraMax 340PC 384 ). Growth ratios of the cells in the wells treated with the test compound 
was calculated based on the growth ratio of the cells in the control well treated with solvent (dimethyl sulfoxide (DMSO)) 
for 72 hours, which was defined as 1 00%. From a plot of test compound concentrations and the cell growth ratios at the 
concentrations, the concentration of 50% growth inhibition, the Gl 50 value, was calculated. 

Compounds 1 , 2, a, b, d, e, h, i, j, I, m, n and o showed growth inhibitory activities less than 1 0 (imol/L in terms of the 
Gl 50 value against the human acute lymphoblastic leukemia RS4;1 1 cells, the human chronic myeloid leukemia K-562 
cells, and the human multiple myeloma NCI-H929 cells. From the above, it is considered that Compounds (I) and (II) 
show cell growth inhibitory activity against the human acute lymphoblastic leukemia cells, the human chronic myeloid 
leukemia cells, and the human multiple myeloma cells, namely, they are useful as therapeutic and/or prophylactic agents 
for hematopoietic tumors such as leukemia and multiple myeloma. 

Test Example 2: Cell growth inhibition test on acute myeloid leukemia cells and non-Hodgkin's lymphoma cells 

[0051] As cancer cell lines, human acute myeloid leukemia MV-4-1 1 cells (ATCC No. CRL-9591) and human non- 
Hodgkin's lymphoma SR cells (ATCC No. CRL-2262) were used. The cells were cultured at 37'C in a 5% carbon dioxide 
atmosphere by using the mediums mentioned below, respectively. 
[Table 3] 

Table 3 

Cell Medium 

Human acute myeloid leukemia MV-4-1 1 cell Iscove's Modified Dulbecco's Medium (Invitrogen, catalog No. 

12440-053) containing 10% fetal bovine serum (invitrogen, catalog 
No. 10099-141), 100 units/mL penicillin (Invitrogen, catalog No. 
15140-122) and 100 (j.g/mL streptomycin (Invitrogen, catalog No. 
15140-122) 

human non-Hodgkin's lymphoma SR cell RPM1 1 640 Medium (Invitrogen, catalog No. 1 1 875-093) containing 
10% fetal bovine serum (Invitrogen, catalog No. 10099-141), 10 
mmol/L HEPES Buffer Solution (Invitrogen, catalog No. 1 5630-080), 
1 mmol/L Sodium Pyruvate Solution (Invitrogen, catalog No. 
1 1360-070), 4.5 g/L D-(+)-Glucose Solution (Sigma, catalog No. 
G8769), 100 units/mL penicillin (Invitrogen, catalog No. 15140-122) 
and 100 (j.g/mL streptomycin (Invitrogen, catalog No. 15140-122) 

[0052] In the same manner as that of Test Example 1 , the cells were seeded (8000 to 1 6000 cells/well, respectively) 
in each well of 96-well plates (Nunc, catalog No. 167008), and growth ratios of the cells treated with test compounds 
were calculated. Measurement of absorbance was performed at 3 to 4 hours after the addition of the XTT labeling 
mixture. From a plot of test compound concentrations and the cell growth ratios at the concentrations, the 50% growth 
inhibition concentration, the Gl 50 value, was calculated. 

As a result, (1 ) Compounds 1 , 2, a, b, d, e, h, i, 1 , m, n and o showed growth inhibitory activities less than 1 0 jjimol/L in 
terms of Gl 50 values against the human acute myeloid leukemia MV-4-1 1 cells, and (2) Compounds 1 , 2, a, b, d, e, h, 
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i, 1, m, n and o showed growth inhibitory activities less than 10 |i,mol/L in terms of Gl 50 values against the human non- 
Hodgkin's lymphoma SR cells. 

From these results, it is considered that Compounds (I) and (II) show cell growth inhibitory activity against the human 
acute myeloid leukemia cells and the human non-Hodgkin's lymphoma cells, namely, Compounds (I) and (II) are useful 
s as therapeutic and/or prophylactic agents for acute myeloid leukemia and non-Hodgkin's lymphoma. 

From the above, it is considered that Compounds (I) and (II) are useful as therapeutic and/or prophylactic agents for 
hematopoietic tumors such as leukemia, lymphoma and multiple myeloma. 

Test Example 3: Eg5 enzyme inhibition test 

[0053] A recombinant human Eg5 motor domain protein was prepared by referring to the literature [Biochemistry, Vol. 
35, p.2365 (1 996)]. A plasmid expressing the motor domain of human Eg5 was constructed, and transformed into 
Escherichia coli BL21 (DE3). The transformant was cultured at 25*C, and when the OD 600 reached 0.74, isopropyl-|J- 
D-thiogalactoside was added at a final concentration of 0.5 mmol/L. The transformant was further cultured for 4 hours, 
15 and then the culture medium was centrifugedto collect the cells. The cells were suspended in a buffer and ultrasonicated, 
and then the sonicated solution was centrifuged to recover the supernatant. The supernatant was purified by cation 
exchange column chromatography to obtain a partially purified sample. Furthermore, the partially purified sample was 
purified by gel filtration column chromatography to obtain a finally purified sample. 

Measurement of the ATPase activity of Eg5 was carried out by referring to the literatures [EMBO Journal, Vol. 13, p. 

20 751 (1994); Proc. Natl. Acad. Sci. USA, Vol. 89, p.4884 (1992)]. The following two kinds of solutions were prepared: 
Solution A consisting of 25 mmol/L piperazine N,N'-bis(ethanesulfonate) (PIPESVKOH (pH 6.8), 1 mmol/L ethylene 
glycol-bis(2-aminoethyl ether)tetraacetic acid (EGTA), 2 mmol/L MgCI 2 , 1 mmol/L dithiothreitol (DTT), 5 ji.mol/L paclitaxel, 
1 67 ji-g/mL bovine serum albumin (BSA), 41 .7 [ig/mL tubulin (Cytoskeleton, Catalog No. TL238), 333 (i.mol/L MESG 
substrate (2-amino-6-mercapto-7-methylpurine riboside) (Molecular Probes, Catalog No. E-6646), 1.67 U/mL purine 

2s nucleoside phosphorylase (Molecular Probe, Catalog No. E-6646) and 1.33 ^g/mL of the human Eg5 motor domain 
purified sample, and Solution B consisting of 25 mmol/L piperazine N,N'-bis(ethanesulfonate) (PIPESVKOH (pH 6.8), 
1 mmol/L ethylene glycol-bis(2-aminoethyl ether)tetraacetic acid (EGTA), 2 mmol/L MgCI 2 , 1 mmol/L dithiothreitol (DTT), 
5 j<.mol/L paclitaxel and 2.5 mmol/L ATP. Solution A was dispensed into each well of a 96-well plate as 45 \lL portions. 
Solution B was used to serially dilute a test compound. The diluted test compound solutions in a volume of 30 fiL were 

30 mixed with Solution A added beforehand in each well of the 96-well plate to start the enzymatic reaction. The enzymatic 
reaction was performed at 30'C for 30 minutes. Absorbance at 360 nm, which serves as an index of the ATPase activity, 
was measured using a plate reader (Molecular Device, SpectraMax 340PC 384 ). The absorbance observed in the presence 
of Eg5 and absence of the test compound was defined 1 00%, and the absorbance observed in the absence of both Eg5 
and the test compound was defined 0%. The relative activity was calculated to calculate IC 50 value. 

as [0054] Compounds 3, 4, 6, 7, 20, 14, 9, 8, a, b, d, e, h, i, I, o and the like inhibited the ATPase activity of Eg5 in a 
concentration-dependent manner. Inhibition ratios (ICjo) of Compound a, b, d, e, h, i, I, o and the like on the ATPase 
activity of Eg5 were less than 0.1 jtmol/L. These compounds showed stronger inhibitory activities compared with those 
of Compounds 3, 4, 6, 7, 20, 14, 9, 8 and the like, which are respectively corresponding racemic mixtures. That is, it 
was considered that Compound (II) showing a negative value as a specific rotation in methanol at 20'C for sodium D 

40 line (wavelength: 589.3 nm) showed more potent inhibition on Eg5 than that of the racemic mixture thereof, and therefore 
it was suggested that such a compound showed stronger antitumor activity. 

[0055] Compound (I) or(ll),orapharmaceuticallyacceptablesaltthereof can be administered alone. However, usually, 
Compound (I) or (II), or a pharmaceuticaily acceptable salt thereof is preferably provided in various pharmaceutical 
preparations. Furthermore, these pharmaceutical preparations are used for animals and humans. 

45 The pharmaceutical preparations according to the present invention may comprise Compound (I) or (II), or a pharma- 
ceuticaily acceptable salt thereof alone as an active ingredient. Alternatively, the pharmaceutical preparations may 
comprise a mixture of Compound (I) or (II), or a pharmaceuticaily acceptable salt thereof with other arbitrary medicinal 
ingredient(s). Furthermore, these pharmaceutical preparations are prepared by mixing the active ingredient(s) with one 
or more pharmaceuticaily acceptable carrier(s) and then employing any method well-known in the technical field of 

so pharmaceutics. 

As for administration routes, it is preferred to select the most effective route of administration. Examples of the admin- 
istration routes include oral administration and parenteral administration such as intravenous administration and the like. 
As for the dosage form, for example, tablets, injections and the like are included. 

For example, the tablet suitable for oral administration can be prepared with, for example, excipients such as lactose 
55 and mannitol; disintegrants such as starch; lubricants such as magnesium stearate; binders such as hydroxypropylcel- 
lulose; surfactants such as a fatty acid ester; plasticizers such as glycerol; and the like. 

[0056] Preparations suitable for parenteral administration preferably comprise a sterilized aqueous preparation con- 
taining the active compound and being isotonic to blood of a recipient. For example, when an injection is prepared, a 
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solution for injection is prepared by using a carrier consisting of a salt solution, glucose solution, a mixture of salt solution 
and glucose solution, or the like. 

Also in these parenteral preparations, one or more kinds of auxiliary components selected from excipients, disintegrants, 
lubricants, binders, surfactants, plasticizers, diluents which are exemplified for the oral administration, preservatives, 
flavors and the like may be added. 

Compound (I) or (II), or a pharmaceutical^ acceptable salt thereof is generally administered systemically or locally in 
the form of an oral or parenteral preparation when used for the aforementioned purpose. The dose and the frequency 
of administration may vary depending on the administration form, the age and body weight of a patient, nature and 
severity of the condition to be treated, and the like. When oral administration is performed, generally 0.01 to 1 ,000 mg/kg, 
preferably 0.05 to 500 mg/kg per single administration for an adult may be administered once a day or a few times a 
day, or once every several days to 1 or 2 weeks. When parenteral administration such as intravenous administration is 
performed, 0.001 to 1,000 mg/kg, preferably 0.01 to 300 mg/kg, per single administration for an adult may be administered 
once a day or a few times a day, or once every several days to 1 to 3 weeks. Examples of the administration method 
also include rapid intravenous injection, continuous intravenous administration for 1 to 24 hours a day, and the like. 
However, the dose and the frequency of administration may vary depending on the aforementioned various conditions 
and the like. 

[0057] The therapeutic and/or prophylactic agent for a hematopoietic tumor of the present invention exhibits superior 
therapeutic and/or prophylactic effect for a hematopoietic tumor, and furthermore, Compound (I) or (II), or a pharma- 
ceutical^ acceptable salt can be used also in combination with one or more kinds of other pharmaceutical ingredients 
as described above. 

Examples of the other pharmaceutical ingredients used in combination include, for example, low molecular weight 
compounds, medicaments comprising proteins, nucleic acids or the like, and specific examples include the pharmaceu- 
tical ingredients described in Rinsho Shuyo-Gaku (Clinical Oncology), 3rd edition, edited by Japanese Society of Me- 
dicinal Oncology (2003) and the like. 

[0058] Examples of the low molecular weight compounds include, for example, DNA alkylating agents (for example, 
cyclophosphamide, ifosfamide, melphalan, dacarbazine, procarbazine, nimustine, carmustine, lomustine, estramustine, 
busulfan, thiotepa and the like); DNA synthesis inhibitors (for example, bleomycin, peplomycin, mitomycin C, mitox- 
antrone, actinomycin D and the like); platinum preparation type DNA crosslinking agents (for example, cisplatin, carbo- 
platin, oxaliplatin, nedaplatin andthe like); antimetabolites (for example, 5-fluorouracil, tegafur, capecitabine, methotrex- 
ate, gemcitabine, fludarabine, cytarabine, cladribine, mercaptopurine, hydroxycarbamide and the like); topoisomerase 
I inhibitors (for example, irinotecan, topotecan, nogitecan and the like); topoisomerase II inhibitors (for example, doxo- 
rubicin, daunorubicin, epirubicin, etoposide andthe like); tubulin agonists (forexample, vincristine, vinblastine, vindesine, 
vinorelbine, paclitaxel, docetaxel, epothilone and the like); hormone antagonists (for example, tomoxifen, goserelin, 
leuprorelin, flutamide and the like); aromatase inhibitors (for example, anastrozole, fadrozole, letrozole, exemestane 
and the like); immunomodulators (for example, gold thiomalate, D-penicillamine, bucillamine, thalidomide and the like); 
immunosuppressants (forexample, azathioprine, mizoribine, ciclosporin and the like); steroidal antiinflammatory agents 
(for example, hydrocortisone, prednisolone, dexamethasone and the like); non-steroidal anti-inflammatory agents (for 
example, aspirin, indomethacin, celecoxib andthe like); antihistamines (forexample, chlorpheniramine, clemastine and 
the like); differentiation inducers (for example, tretinoin, bexarotene, arsenic and the like); proteasome inhibitors (for 
example, bortezomib and the like); ubiquitin ligase inhibitors [for example, Nutlin (Science, Vol. 303, p.844 (2004)) and 
the like]; tyrosine kinase inhibitors {for example, EGFR inhibitors (for example, gefitinib, erlotinib and the like), Abl 
inhibitors (for example, imatiftib and the like), VEGFR inhibitors [for example, ZD6474 (Cancer Res., Vol. 62, p.4645 
(2002)) andthe like], FGFR inhibitors [forexample, PD173074 (EMBO J., Vol. 17, p.5896 (1998)) andthe like], PDGFR 
inhibitors [for example, SU11248 (Clin. Cancer Res.), Vol. 9, p.327 (2003)) and the like], Flt3 inhibitors [for example, 
MLN518 (Cancer Cell, Vol. 1 , p. 421 (2002)) and the like], IGF-1 R inhibitors [for example, NVP-AEW541 (Cancer Cell, 
Vol. 5, p.231 (2004)) and the like]}; adenosine deaminase inhibitors (for example, pentostatin and the like); Hsp90 
inhibitors [for example, radicicol, 1 7-allylamino-1 7-demethoxygeldanamycin (Cancer Chemother. Pharmacol., Vol. 42, 
p.273 (1 998)) and the like]; neovascularization inhibitors [for example, SU6668 (Cancer Res.), Vol. 60, p.4152 (2000)) 
and the like]; blood vessel target agents (for example, combretastatin A4 and the like); histone deacetylase inhibitors 
[for example, SAHA (Proc. Natl. Acad. Sci. USA, Vol. 95, p.3003 (1 998)) and the like]; matrix metalloprotease inhibitors 
(forexample, marimastat and the like); prenyltransferase inhibitors [for example, R1 15777 (Cancer Res., Vol. 61 , p.131 
(2001 )) andthe like]; bisphosphonate preparations (for example, pamidronate, zoledronate andthe like); serine/threonine 
kinase inhibitors {for example, Raf inhibitors [for example, BAY 43-9006 (Cancer Res., Vol. 64, p.7099 (2004)) and the 
like], mTOR inhibitors (for example, rapamycin and the like), aurora inhibitors [for example, VX-680 (Nat. Med., Vol. 1 0, 
p.262 (2004)) and the like], PKC/CHK1 inhibitors [forexample, UCN-01 (J. Antibiot.), Vol. 40, p.1782 (1987)) and the 
like] and the like); mitotic kinesin inhibitors [for example, Eg5 inhibitors (for example, SB-715992 (WO2001/98278, 
W02003/070701) and the like) and the like] and the like, and further include derivatives of these compounds. 
[0059] Examples of the medicaments comprising of proteins include, for example, cytokines, antibodies and the like. 
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Examples of the cytokines include, for example, interferons-oc, p\ and j, tumor necrosis factor (TNF)-a; lymphotoxin; 
interleukins-1, 2, 3, 4, 7, 8, 12, 15, 18 and 21; granulocyte colony stimulating factor (G-CSF); macrophage colony 
stimulating factor (M-CSF); granulocyte and macrophage colony-stimulating factor (GM-CSF); interferon-y-inducing 
protein-1 0 (IP-1 0); fractalkine and the like. Moreover, protein preparations comprising growth hormone receptor antag- 

5 onists and the like are also included. 

[0060] The antibodies are not particularly limited so long as an antibody against an antigen expressed in tumor cells 
or involved in formation of pathological conditions of tumors such as proliferation and metastasis of tumor cells is chosen. 
Examples include, for example, antibodies against interleukin-6 (IL-6) receptor, GD2, GD3, GM2, HER2, CD20, CD22, 
CD33, CD52, MAGE, HM1.24, parathyroid hormone-related protein (PTHrP), basic fibroblast growth factor, fibroblast 

10 growth factor 8, basic fibroblast growth factor receptor, fibroblast growth factor 8 receptor, epidermal growth factor 
receptor (EGFR), epithelium cell adhesion molecule (EpCAM), insulin-like growth factor, insulin-like growth factor re- 
ceptor, prostate-specific membrane antigen (PSMA), endothelial cell growth factor, endothelial cell growth factor receptor 
and the like. Specific examples of the aforementioned antibodies, not limiting the scope of the present invention, include, 
forexample, the antibody described in Anticancer Res., Vol. 1 8, p.1217 (1 998) as the anti-IL-6 receptorantibody, antibody 

15 described in Anticancer Res., Vol. 13, p.331 (1993) as the anti-GD2 antibody, antibody described in Cancer Immunol. 
Immunother., Vol. 36, p.260 (1993) as the anti-GD3 antibody, antibody described in Cancer Res., Vol. 54, p.151 1 (1994) 
as the anti-GM2 antibody, antibody described in Proc. Natl. Acad. Sci. USA, Vol. 89, p.4285 (1992) as the anti-HER2 
antibody, antibody described in Blood, Vol. 83, p.435 (1994) as the anti-CD20 antibody, antibody described in Semmin. 
Oncol., Vol. 30, p.253 (2003) as the anti-CD22 antibody, antibody described in J. Clin. Oncol., Vol. 19, p.3244 (2001) 

20 as the anti-CD33 antibody, antibody described in Blood, Vol. 82, p.807 (1993) as the anti-CD52 antibody, antibody 
described in British J. Cancer, Vol. 83, p.493, (2000) as the anti-MAGE antibody, antibody described in Molecular 
Immunol., Vol. 36, p.387 (1999) as the anti-HM1 .24 antibody, antibody described in Cancer, Vol. 88, p.2909 (2000) as 
the anti-parathyroid hormone-related protein antibody, antibody described in Proc. Natl. Acad. Sci. USA, Vol. 86, p.991 1 
(1 989) as the anti-fibroblast growth factor 8 antibody, antibody described in J. Biol. Chem., Vol. 265, p.1 6455 (1 990) as 

ss the anti-fibroblast growth factor 8 receptor antibody, antibody described in Cancer Res., Vol. 59, p.1236 (1 999) as the 
anti-epidermal growth factor receptorantibody, antibody described in Proc. Natl. Acad. Sci. USA, Vol. 76, p.1438 (1 979) 
as the anti-epithelium cell adhesion-molecule antibody, antibody described in J. Neurosci. Res., Vol. 40, p.647 (1995) 
as the anti-insulin-like growth factor antibody, antibody described in J. Neurosci. Res., Vol. 40, p.647 (1 995) as the anti- 
insulin-like growth factor receptor antibody, antibody described in J. Urology, Vol. 1 60, p.2396 (1 998) as the anti-prostate- 

30 specific membrane antigen antibody, antibody described in Cancer Res., Vol. 57, p.4593 (1 997) as the anti-endothelial 
cell growth factor antibody, antibody described in Oncogene, Vol. 19, p.2138 (2000) as the anti-endothelial cell growth 
factor receptor antibody, and the like. 

More specifically, examples include, for example, Herceptin, Rituxan, Campath, Avastin, Bexxar, LymphoCide, Mylotarg, 
Panorex, Zevalin [Nat. Rev. Cancer, Vol. 1, p.118 (2001)] and the like. 

35 [0061] Examples of the medicament consisting of nucleic acids include, for example, antisense, small interfering RNA 
(siRNA), ribozyme and the like. The nucleic acids are not particularly limited so long as a nucleic acid having a sequence 
complementary to a gene involved in formation of pathological conditions of tumors such as proliferation and metastasis 
of tumor cells is chosen. Examples include nucleic acids having sequences complementary to gene sequences targeted 
by the aforementioned low molecular weight compounds or proteins. 

40 [0062] When Compound (I) or (II), or a pharmaceutical^ acceptable salt and another pharmaceutical ingredient are 
used in combination, Compound (I) or (II), or a pharmaceutical^ acceptable salt and the other pharmaceutical ingredient 
may be simultaneously administered, or they may be separately administered at an interval. Doses of these may be 
similar to clinically used doses, and vary depending on object of administration, administration route, type of disease, 
combination of pharmaceutical ingredient and the like. 

45 When Compound (I) or (II), or a pharmaceutically acceptable salt and another pharmaceutical ingredient are used in 
combination, dosage forms are not particularly limited, and it is sufficient that Compound (I) or (II), or a pharmaceutically 
acceptable salt and another pharmaceutical ingredient are combined. For example, preparations prepared to contain 
these ingredients may be used or administered as a single preparation (mixture) or a combination of two or more 
preparations. When they are administered as a combination of two or more preparations, they may be simultaneously 

50 administered, or separately administered at an interval. These preparations are preferably used in the form of, for 
example, tablet, injection or the like. These preparations are prepared by any methods well known in the field of phar- 
maceutics as described above. 

[0063] When they are administered as a combination of two or more preparations, for example, (a) a first component 
containing Compound (I) or (II), or a pharmaceutically acceptable salt, and (b) a second component containing another 
55 pharmaceutical ingredient may be prepared as separate preparations and prepared as a kit, and this kit may be used 
to administer the components simultaneously or separately at an interval to the same object via the same route or 
different routes. 

Examples of the kits include those consisting of, for example, two or more containers (e.g., vial, bag, and the like) and 
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contents thereof, of which container materials and forms are not particularly limited so long as denaturation of the 
components as contents by external temperature or light, or leakage of the contents are not caused during storage, and 
having such forms that the first and second components as the contents can be administered via separate routes (e.g., 
tubes) or the same route. Specifically, examples include a kit comprising tablets, injections and the like. 
5 [0064] By use of the combination of Compound (I) or (II), or a pharmaceutically acceptable salt and one or more other 
pharmaceutical ingredients, improvement of the therapeutic and/or prophylactic effect for hematopoietic tumors, amel- 
ioration of side effects and the like can be expected. 

As another embodiment of the present invention, administration of Compound (I) or (I I), or a pharmaceutically acceptable 
salt and other medical practices can also be used in combination. 
io Although the other medical practices used in combination are not particularly limited, examples include, for example, 
surgical therapy, endoscopic therapy, radiotherapy, corpuscular radiation therapy, laser radiation therapy, immunothera- 
py, bone marrow transplantation, heat therapy, gene therapy [Rinsho Shuyo-Gaku (Clinical Oncology), 3rd edition, 
edited by Japanese Society of Medicinal Oncology (2003)] and the like. 

By use of the combination of Compound (I) or (II), or a pharmaceutically acceptable salt and other medical practices 
15 areusedincombination.improvementofthetherapeuticand/orprophylacticeffectforhematopoietictumors, amelioration 
of side effects and the like can be expected. 

Examples 

20 [0065] The present invention will be explained in detail with reference to the following examples and reference exam- 
ples. 

The spectra of proton nuclear magnetic resonance ( 1 H NMR) used in Examples were measured at 270 or 300 MHz, 
and exchangeable hydrogen may not always be clearly observed depending on the compound and the measurement 
conditions. For the descriptions of the multiplicity of signals, those generally applied are used, and the symbol "br" 
25 represents an apparent broad signal. 

[Example 1] 

Tablets (Compound 3) 

[0066] Tablets having the following composition are prepared in a conventional manner. Compound 3 (40 g), lactose 
(286.8 g) and potato starch (60 g) are mixed, and 10% aqueous solution of hydroxypropylcellulose (120 g) is added to 
the mixture. Resulting mixture is kneaded, granulated and dried in a conventional manner, and then the granules are 
sized to obtain granules for tablet pressing. Magnesium stearate (1 .2 g) is added to the granules for tablet pressing and 
35 mixed. Tablet formation is performed with a compressing machine having a punch of 8 mm a diameter (Kikusui, RT-15) 
to obtain tablets (containing 20 mg/tablet of active ingredient). 

[Table 4] 



Formulation 






Compound 3 


20 




Lactose 


143.4 




Potato starch 


30 


mg 


Hydroxypropylcellulose 


6 


mg 


Magnesium stearate 


0.6 


mg 




200 


mg 



[Example 2] 

Tablets (Compound 4) 

[0067] Tablets having the following composition are prepared in a conventional manner. Compound 4 (40 g), lactose 
(286.8 g) and potato starch (60 g) are mixed, and 1 0% aqueous solution of hydroxypropylcellulose (1 20 g) is added to 
the mixture. Resulting mixture is kneaded, granulated and dried in a conventional manner, and then the granules are 
sized to obtain granules for tablet pressing. Magnesium stearate (1 .2 g) is added to the granules for tablet pressing and 
mixed. Tablet formation is performed with a compressing machine having a punch of 8 mm a diameter (Kikusui, RT-15) 
to obtain tablets (containing 20 mgAablet of active ingredient). 
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Formulation 






Compound 4 


20 


mg 


Lactose 


143.4 




Potato starch 


30 


mg 


Hydroxypropylcellutose 


6 


mg 


Magnesium stearate 


0.6 


mg 




200 


mg 



Tablets (Compound 7) 

[0068] Tablets having the following composition are prepared in a conventional manner. Compound 7 (40 g), lactose 
(286 8 g) and potato starch (60 g) are mixed, and 1 0% aqueous solution of hydroxypropylcellutose (1 20 g) is added to 
the mixture. Resulting mixture is kneaded, granulated and dried in a conventional manner, and then the granules are 
sized to obtain granules for tablet pressing. Magnesium stearate (1 .2 g) is added to the granules for tablet pressing and 
mixed. Tablet formation is performed with a compressing machine having a punch of 8 mm a diameter (Kikusui, RT-1 5) 
to obtain tablets (containing 20 mg/tablet of active ingredient). 

[Table 6] 



Formulation 






Compound 7 


20 


mg 


Lactose 


143.4 


mg 


Potato starch 


30 


mg 


Hydroxypropylcellutose 


6 


mg 


Magnesium stearate 


0.6 


mg 




200 


mg 



[Example 4] 

Injection (Compound 3) 

[0069] Injection having the following composition is prepared in a conventional manner. Compound 3 (1 g) and D- 
mannitol (5 g) are added to distilled water for injection and mixed, and hydrochloric acid and aqueous sodium hydroxide 
are added to the mixture to adjust to pH 7, and then the total volume is made 1 000 mL with distilled water for injection. 
The resulting mixture is aseptically filled in glass vials in a volume of 2 mL each to obtain injection (containing 2 mg/vial 
of the active ingredient). 

[Table 7] 

Formulation 
Compound 3 
D-Mannitol 
Hydrochloric acid 
Aqueous sodium hydroxide 
Distilled water for injection 



Optimum amount 
Optimum amount 
Optimum amount 



2.00 mL 
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[Example 5] 

Injection (Compound 9) 

[0070] Injection having the following composition is prepared in a conventional manner. Compound 9 (1 g) and D- 
mannitol (5 g) are added to distilled water for injection and mixed, and hydrochloric acid and aqueous sodium hydroxide 
are added to the mixture to adjust to pH 7, and then the total volume is made 1 000 mL with distilled water for injection. 
The resulting mixture is aseptically filled in glass vials in a volume of 2 mL each to obtain injection (containing 2 mg/vial 
of the active ingredient). 

[fable 8] 

Formulation 
Compound 9 
D-Mannitol 
Hydrochloric acid 
Aqueous sodium hydroxide 
Distilled water for injection 

2.00 mL 



2 mg 
10 mg 
Optimum amount 
Optimum amount 
Optimum amount 



Injection (Compound 12) 

[0071] Injection having the following composition is prepared in a conventional manner. Compound 12 (1 g) and D- 
mannitol (5 g) are added to distilled water for injection and mixed, and hydrochloric acid and aqueous sodium hydroxide 
are added to the mixture to adjust to pH 7, and then the total volume is made 1 000 mL with distilled water for injection. 
The resulting mixture is aseptically filled in glass vials in a volume of 2 mL each to obtain injection (containing 2 mg/vial 
of the active ingredient). 

[Table 9] 

Formulation 

Compound 12 2 mg 

D-Mannitol 10 mg 

Hydrochloric acid Optimum amount 

Aqueous sodium hydroxide Optimum amount 
Distilled water for injection Optimum amount 
2.00 mL 



[Example 7] 

Tablets (Compound a) 

[0072] Tablets having the following composition are prepared in a conventional manner. Compound a (40 g), lactose 
(286.8 g) and potato starch (60 g) are mixed, and 1 0% aqueous solution of hydroxypropylcellulose (1 20 g) is added to 
the mixture. Resulting mixture is kneaded, granulated and dried in a conventional manner, and then the granules are 
sized to obtain granules for tablet pressing. Magnesium stearate (1 .2 g) is added to the granules for tablet pressing and 
mixed. Tablet formation is performed with a compressing machine having a punch of 8 mm a diameter (Kikusui, RT-15) 
to obtain tablets (containing 20 mg/tablet of active ingredient). 

[Table 10] 

Formulation 

Compound a 20 mg 

Lactose 143.4 mg 

Potato starch 30 mg 



24 



EP 1 870 404 A1 



(continued) 

Formulation 

Hydroxypropylcellulose 6 mg 
Magnesium stearate 0.6 mg 

200 mg 

[Example 8] 

Tablets (Compound d) 

[0073] Tablets having the following composition are prepared in a conventional manner. Compound d (40 g), lactose 
(286.8 g) and potato starch (60 g) are mixed, and 10% aqueous solution of hydroxypropylcellulose (120 g) is added to 
the mixture. Resulting mixture is kneaded, granulated and dried in a conventional manner, and then the granules are 
sized to obtain granules for tablet pressing. Magnesium stearate (1.2 g) is added to the granules for tablet pressing and 
mixed. Tablet formation is performed with a compressing machine having a punch of 8 mm a diameter (Kikusui, RT-15) 
to obtain tablets (containing 20 mg/tablet of active ingredient). 

[Table 11] 



Formulation 






Compound d 


20 


mg 


Lactose 


143.4 


mg 


Potato starch 


30 


mg 


Hydroxypropylcellulose 


6 


mg 


Magnesium stearate 


0.6 


mg 




200 


mg 



[Example 9] 

Tablets (Compound e) 

[0074] Tablets having the following composition are prepared in a conventional manner. Compound e (40 g), lactose 
(286.8 g) and potato starch (60 g) are mixed, and 10% aqueous solution of hydroxypropylcellulose (120 g) is added to 
the mixture. Resulting mixture is kneaded, granulated and dried in a conventional manner, and then the granules are 
sized to obtain granules for tablet pressing. Magnesium stearate (1 .2 g) is added to the granules for tablet pressing and 
mixed. Tablet formation is performed with a compressing machine having a punch of 8 mm a diameter (Kikusui, RT-15) 
to obtain tablets (containing 20 mg/tablet of active ingredient). 



[Table 12] 



Formulation 






Compound e 


20 


mg 


Lactose 


143.4 


mg 


Potato starch 


30 




Hydroxypropylcellulose 


6 


mg 


Magnesium stearate 


0.6 


mg 




200 


mg 



[Example 10] 
Tablets (Compound 1 ) 

[0075] Tablets having the following composition are prepared in a conventional manner. Compound 1 (40 g), lactose 
(286.8 g) and potato starch (60 g) are mixed, and 10% aqueous solution of hydroxypropylcellulose (120 g) is added to 
the mixture. Resulting mixture is kneaded, granulated and dried in a conventional manner, and then the granules are 
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sized to obtain granules for tablet pressing. Magnesium stearate (1 .2 g) is added to the granules for tablet pressing and 
mixed. Tablet formation is performed with a compressing machine having a punch of 8 mm a diameter (Kikusui, RT-15) 
to obtain tablets (containing 20 mg/tablet of active ingredient). 



[Table 13] 



Formulation 






Compound 1 


20 


mg 


Lactose 


143.4 


mg 


Potato starch 


30 


mg 


Hydroxypropylcellulose 


6 


mg 


Magnesium stearate 


0.6 


mg 




200 


mg 



[Example 11] 
Tablets (Compound m) 

[0076] Tablets having the following composition are prepared in a conventional manner. Compound m (40 g), lactose 
(286.8 g) and potato starch (60 g) are mixed, and 10% aqueous solution of hydroxypropylcellulose (120 g) is added to 
the mixture. Resulting mixture is kneaded, granulated and dried in a conventional manner, and then the granules are 
sized to obtain granules for tablet pressing. Magnesium stearate (1 .2 g) is added to the granules for tablet pressing and 
mixed. Tablet formation is performed with a compressing machine having a punch of 8 mm a diameter (Kikusui, RT-15) 
to obtain tablets (containing 20 mg/tablet of active ingredient). 

[Table 14] 



Formulation 






Compound m 


20 


mg 


Lactose 


143.4 


mg 


Potato starch 


30 


mg 


Hydroxypropylcellulose 


6 


mg 


Magnesium stearate 


0.6 


mg 


200 mg 



[Example 12] 
Injection (Compound a) 

[0077] Injection having the following composition is prepared in a conventional manner. Compound a (1 g) and D- 
mannitol (5 g) are added to distilled water for injection and mixed, and hydrochloric acid and aqueous sodium hydroxide 
are added to the mixture to adjust to pH 7, and then the total volume is made 1 000 mL with distilled water for injection. 
The resulting mixture is aseptically filled in glass vials in a volume of 2 mL each to obtain injection (containing 2 mg/vial 
of the active ingredient). 

[Table 15] 

Formulation 
Compound a 
D-Mannitol 
Hydrochloric acid 
Aqueous sodium hydroxide 
Distilled water for injection 

2.00 mL 



2 mg 
10 mg 
Optimum amount 
Optimum amount 
Optimum amount 
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[Example 13] 
Injection (Compound 1) 

[0078] Injection having the following composition is prepared in a conventional manner. Compound 1 (1 g) and D- 
mannitol (5 g) are added to distilled water for injection and mixed, and hydrochloric acid and aqueous sodium hydroxide 
are added to the mixture to adjust the mixture to pH 7, and then the total volume is made 1 000 mL with distilled water 
for injection. The resulting mixture is aseptically filled in glass vials in a volume of 2 mL each to obtain injection (containing 
2 mg/vial of the active ingredient). 

[Table 16] 

Formulation 

Compound 1 2 mg 

D-Mannitol 10 mg 

Hydrochloric acid Optimum amount 

Aqueous sodium hydroxide Optimum amount 
Distilled water for injection Optimum amount 
2.00 mL 



Injection (Compound m) 

[0079] Injection having the following composition is prepared in a conventional manner. Compound m (1 g) and D- 
mannitol (5 g) are added to distilled water for injection and mixed, and hydrochloric acid and aqueous sodium hydroxide 
are added to the mixture to adjust to pH 7, and then the total volume is made 1 000 mL with distilled water for injection. 
The resulting mixture is aseptically filled in glass vials in a volume of 2 mL each to obtain injection (containing 2 mg/vial 
of the active ingredient). 

[Table 17] 

Formulation 

Compound m 2 mg 

D-Mannitol 10 mg 

Hydrochloric acid Optimum amount 

Aqueous sodium hydroxide Optimum amount 
Distilled water for injection Optimum amount 
2.00 mL 



Reference Examples 1 to 13 (Compounds 1 to 13) 

[0080] Compounds 1 to 13 were synthesized according to the method described in WO2003/051854 or 
W02004/1 1 1 024, respectively. 

Reference Examples 14 

Compound a: (-)-N-[4-(2,2-Dimethylpropionyl)-5-(2-methanesulfonylaminoethyl)-5-phenyl-4,5-dihydro-1,3,4-thiadiazol- 
2-yl]-2,2-dimethylpropanamide 

[0081] Step 1: (S)-(+)-2-Phenylpropionic acid (4.88 g, 32.5 mmol) was dissolved in dichloromethane (20 mL), and 
thionyl chloride (30 mL) was added, then the mixture was stirred at room temperature for 4 hours. The mixture was 
concentrated under reduced pressure, and then the resulting residue was dissolved in dichloromethane (1 0 mL) (dichlo- 
romethane solution). Next, N-{2-[5-amino-3-(2,2-dimethylpropionyl)-2-phenyl-2,3-dihydro-1 ,3,4-thiadiazol-2-yl]ethyl) 
methanesulfonamide (4.93 g, 1 2.8 mmol) obtained according to the method described in WO2003/051 854 was dissolved 
in dichloromethane (15 mL) and pyridine (3.1 mL), and the aforementioned dichloromethane solution was added. After 
the mixture was stirred at room temperature for 1 .5 hours, water was added, and the mixture was extracted with chlo- 
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roform. The organic layer was washed with 1 mol/L hydrochloric acid, water, and saturated brine, dried over anhydrous 
sodium sulfate, and concentrated under reduced pressure. To the residue were added chloroform (50 ml_) and diisopropyl 
ether (10 mL), and the mixture was stirred. The deposited powder was collected by filtration, and purified by silica gel 
column chromatography (chloroform/acetone/n-hexane/ethyl acetate = 9/1/1/1, 9/1/6.5/3.5, 9/1/7/3, and then 9/1/5/5) 
respectively to give one diastereomer of N-[4-(2,2-dimethylpropionyl)-5-(2-methanesulfonylaminoethyl)-5-phenyl-4,5- 
dihydro-1 ,3,4-thiadiazol-2-yl]-2-phenylpropanamide (2.48 g, 38%) as a fraction eluted first and another diastereomer of 
N-[4-(2,2-dimethylpropionyl)-5-(2-methanesulfonylaminoethyl)-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]-2-phenyl- 
propanamide (2.80 g, 43%) as a fraction eluted later. 

[0082] One diastereomer of N-[4-(2,2-dimethyipropionyl)-5-(2-methanesulfonylaminoethyl)-5-phenyl-4,5-dihydro- 
1,3,4-thiadiazol-2-yl]-2-phenylpropanamide eluted first: 1H NMR (270 MHz, CDCI 3 ) 5 (ppm): 1.26 (s, 9H), 1.53 (d, J = 
7.1 Hz, 3H), 2.60 (m, 1H), 2.93 (s, 3H), 3.20 (m, 1H), 3.36 (m, 1H), 3.57 (m, 1H), 3.67 (q, J = 7.1 Hz, 1H), 4.45 (brt, 
1H), 7.20-7.49 (m, 10H), 7.75 (s, 1H). 
APCI-MSm/z:515(M-H)-. 

Another diastereomer of N-[4-(2,2-dimethylpropionyl)-5-(2-methanesulfonylaminoethyl)-5-phenyl-4,5-dihydro-1, 3, 4-thi- 
adiazol-2-yl]-2-phenylpropanamide eluted later 

1 H NMR (270 MHz, CDCI 3 ) S (ppm): 1 .25 (s, 9H), 1 .51 (d, J = 7.1 Hz, 3H), 2.56 (m, 1 H), 2.96 (s, 3H), 3.23 (m, 1 H), 3.37 
(m, 1H), 3.62 (m, 1H), 3.63 (q, J = 7.1 Hz, 1H), 4.67 (brt, J = 5.9 Hz, 1H), 7.17-7.52 (m, 10H), 7.99 (s, 1H). 
APCI-MSm/z: 515 (M-H)". 

[0083] Step 2: The one diastereomer of N-[4-(2,2-dimethylpropionyl)-5-(2-methanesulfonylaminoethyl)-5-phenyl-4,5- 
dihydro-1 ,3,4-thiadiazol-2-yl]-2-phenylpropanamide (2.28 g, 4.41 mmol) eluted first obtained in Step 1 mentioned above 
was dissolved in methanol (100 mL), and cerium chloride heptahydrate (1.64 g, 4.41 mmol) and sodium borohydride 
(6.68 g, 0.176 mmol) were added, then the mixture was stirred at room temperature for 40 minutes. The mixture was 
further stirred at room temperature for 2 hours with adding sodium borohydride (20.04 g, 0.5297 mmol) and methanol 
(250 mL), divided into 3 portions, respectively, to the mixture, and then concentrated under reduced pressure. To the 
residue were added ethyl acetate and 1 mol/L hydrochloric acid, and the mixture was extracted with ethyl acetate. The 
organic layer was washed with saturated brine, dried over anhydrous sodium sulfate, and concentrated under reduced 
pressure. The residue was purified by silica gel column chromatography (chloroform/acetone/n-hexane/ethyl acetate = 
9/1/7/3 -> 9/1/5/5). This procedure was repeatedly performed, and the resulting crude product (0.802 g, 2.09 mmol in 
total) was dissolved in a mixed solvent of ethanol (20 mL) and n-hexane (200 mL). Then the deposited solid was filtered 
off, and the filtrate was concentrated to give optically active N-{2-[5-amino-3-(2,2-dimethylpropionyl)-2-phenyl-2,3-dihy- 
dro-1,3,4-thiadiazol-2-yl]ethyl}methanesulfonamide (0.647 g, 23%). 

[0084] Step 3: The optically active N-{2-[5-amino-3-(2,2-dimethylpropionyl)-2-phenyl-2,3-dihydro-1 ,3,4-thiadiazol-2- 
yl]ethyl)methanesulfonamide (90 mg, 0.23 mmol) obtained in Step 2 mentioned above was dissolved in dichloromethane 
(4 mL), and pyridine (0.224 mL, 2.77 mmol) and trimethylacetyl chloride (0.288 mL, 2.33 mmol) were added, then the 
mixture was stirred at room temperature for3.5 hours. To the reaction mixture were added water and 1 mol/L hydrochloric 
acid, and the mixture was extracted with ethyl acetate. The organic layer was washed with saturated brine, dried over 
anhydrous sodium sulfate, and concentrated under reduced pressure. After the residue was purified by silica gel column 
chromatography (n-hexane/ethyl acetate = 3/1 -> 2/1), to the resulting syrup were added ethanol and then n-hexane. 
The supernatant was separated by decantation to give the deposited solid. Subsequently, to the solid was added 
diisopropyl ether, and the mixture was stirred to pulverize the resulting solid and thereby give Compound a {(-)-N-[4-(2,2- 
dimethyl-propionyl)-5-(2-methanesulfonylaminoethyl)-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]-2,2-dimethylpropan- 
amide} (60 mg, 55%). 

1 H NMR (300 MHz, CDCI 3 ) 5 (ppm): 1.30 (s, 9H), 1.34 (s, 9H), 2.56-2.65 (m, 1H), 2.94 (s, 3H), 3.21-3.44 (m, 2H), 
3.58-3.70 (m, 1H), 4.45 (brs, 1H), 7.28-7.37 (m, 5H), 7.97 (brs, 1H). 
APCI-MSm/z: 467 (M-1)-. 
Melting point: 204.0-206.0°C. 

Specific rotation: A solution of the resulting compound in methanol gave a negative value as a specific rotation forsodium 
D line (wavelength: 589.3 nm) at 20'C. 

Reference Example 1 5 

Compound b: (-)-N-[5-(2-Methanesulfonylaminoethyl)-5-phenyl-4-propionyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]- 
2,2-dimethylpropanamide 

[0085] Step 1 : In the same manner as that in Step 1 of Example 15, from N-[2-(5-amino-2-phenyl-3-propionyl-2,3- 
dihydro-1 ,3,4-thiadiazol-2-yl)ethyl]methanesulfonamide (1 0.7g,30.0 mmol) obtained accordingtothe method described 
in WO2003/051854, and (R)-(-)-2-phenylpropionyl chloride prepared from (R)-(-)-2-phenylpropionic acid (10.5 g, 69.9 
mmol) and thionyl chloride, N-[5-(2-methanesulfonylaminoethyl)-5-phenyl-4-propionyl-4,5-dihydro-1,3,4-thiadiazol-2- 
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yl]-2-phenylpropanamide was obtained as a diastereomer mixture (13.3 g, 92%). A part of this mixture {3.89 g, 7.96 
mmol) was purified by silica gel column chromatography (chloroform/acetonitrile/n-hexane/ethyl acetate = 9/1/1/1) to 
give one diastereomer of N-[5-(2-methanesulfonylaminoethyl)-5-phenyl-4-propionyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]- 
2-phenylpropanamide (0.861 g, 22%) as a fraction that eluted later, and another diastereomer of N-[5-(2-methanesul- 
fonylaminoethyl)-5-phenyl-4-propionyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]-2-phenylpropanamide (0.802 g, 20%) as a frac- 
tion that eluted first. 

[0086] Step 2: In the same manner as that in Step 2 of Reference Example 1 4, from the one diastereomer of N-[5-(2- 
methanesulfonylaminoethyl)-5-phenyl-4-propionyl-4,5-dihydro-1,3,4-thia-diazol-2-yl]-2-phenylpropanamide (4.41 g, 
9.03 mmol) eluted later obtained in Step 1 mentioned above, cerium chloride heptahydrate (3.37 g, 9.05 mmol) and 
sodium borohydride (3.42 g, 90.5 mmol), optically active N-[2-(5-amino-2-phenyl-3-propionyl-2,3-dihydro-1,3,4-thiadia- 
zol-2-yl)ethyl]methanesulfonamide (2.16 g, 67%) was obtained. 

Step 3: In the same manner as that in Step 3 of Example 1 5, from the optically active N-[2-(5-amino-2-phenyl-3-propionyl- 
2,3-dihydro-1 ,3,4-thiadiazol-2-yl)ethyl]methanesulfonamide (0.0480 g, 0. 1 35 mmol) obtained in Step 2 mentioned above, 
pyridine (32.7 jjlL, 0.405 mmol) and trimethylacetyl chloride (4-1.7 \iL, 0.338 mmol), Compound b {(-)-N-[5-(2-meth- 
anesulfonylaminoethyl)-5-phenyl-4-propionyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide} (0.0504 g, 
84%) was obtained. 

1 H NMR (270 MHz, CDCI 3 ) 8 (ppm): 1 .13 (t, J = 6.0 Hz, 3H), 1.28 (s, 9H), 2.66 (m, 3H), 2.97 (s, 3H), 3.35 (m, 2H), 3.61 
(m, 1 H), 4.58 (br s, 1 H), 7.32 (m, 5H), 8.08 (br s, 1 H). APCI-MS m/z: 441 (M+1 )+. 
Melting point: 1 07.0-1 10.0"C. 

Specific rotation: A solution of the resulting compound in methanol gave a negative value as a specific rotation forsodium 
D line (wavelength: 589.3 nm) at 20*C. 

Reference Example 1 6 

Compound c: (-)-N-{2-[3-(2,2-Dimethylpropionyl)-5-(2-oxopyrrolidin-1 -yl)-2-phenyl-2,3-dihydro-1 ,3,4-thiadiazol-2-yl] 
ethyljmethanesulfonamide 

[0087] The optically active N-{2-[5-amino-3-(2,2-dimethylpropionyl)-2-phenyl-2,3-dihydro-1 ,3,4-thiadiazol-2-yl]ethyl} 
methanesulfonamide (0.647 g, 1 .68 mmol) obtained in Step2of Reference Example 14 was dissolved in dichloromethane 
(25 mL), and pyridine (0.41 mL, 5.1 mmol) and 4-bromobutyryi chloride (0.49 mL, 4.2 mmol) were added, then the 
mixture was stirred at room temperature for 2 hours. To the reaction mixture was added water, and the mixture was 
extracted with chloroform. The organic layer was washed with 0.5 mol/L hydrochloric acid and brine, dried over anhydrous 
sodium sulfate, and concentrated under reduced pressure. The residue was dissolved in dimethyl sulfoxide (DMSO, 6 
mL), and sodium acetate (0.331 g, 4.04 mmol) was added, then the mixture was heated to 1 00'C over 1 4 minutes with 
stirring. After cooling, to the mixture was added water, and the mixture was extracted with ethyl acetate. The organic 
layer was washed with brine, dried over anhydrous sodium sulfate, and concentrated under reduced pressure. The 
residue was purified by flash column chromatography (n-hexane/ethyl acetate = 3/1 -> 1/1), and recrystallized from 
acetone to give Compound c {(-)-N-{2-[3-(2,2-dimethylpropionyl)-5-(2-oxopyrrolidin-1 -yl)-2-phenyl-2,3-dihydro-1 ,3,4-thi- 
adiazol-2-yl]ethyl}methanesulfonamide) (0.649 g, 85%). 

1 H NMR (270 MHz, CDCI 3 ) 5 (ppm): 1.34 (s, 9H), 2.23 (m, 2H), 2.56 (m, 2H), 2.61 (m, 1 H), 2.97 (s, 3H), 3.27 (m, 1 H), 
3.40 (m, 1 H), 3.63 (m, 1 H), 3.98 (m, 2H), 4.01 (br t, J = 3.5 Hz, 1 H), 7.20-7.37 (m, 5H). 
APCI-MS m/z: 453 (M+1)+. 
Melting point: 107.0-1 10.0'C. 

Specific rotation: A solution of the resulting compound in methanol gave a negative value as a specific rotation forsodium 
D line (wavelength: 589.3 nm) at 20'C. 

Reference Example 1 7 

Compound d: (-)-N-[4-lsobutyryl-5-(2-methanesulfonylaminoethyl)-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]- 
2,2-dimethylpropanamide 

[0088] Step 1 : N-[4-lsobutyryl-5-(2-methanesulfonylaminoethyl)-5-phenyl-4,5-dihydro-1 ,3,4-thiadiazol-2-yl]-2,2- 
dimethylpropanamide (2.32 g, 5.1 0 mmol) obtained according to the method described in W02003/051 854 was subjected 
to preparative high performance liquid chromatography (HPLC) [column: CHIRALPAK AD (Daicel Chemical Industries, 
Ltd.], elution solvent: 1 2% isopropyl alcohol/n-hexane, flow rate: 6 mL/minute, columntemperature: 25°C] to give fractions 
for retention times of 1 0.2 minutes and 1 1 .2 minutes. Among them, the fraction of 1 1 .2 minutes was concentrated, and 
the residue was recrystallized from n-pentane and ethanol to give Compound d {(-)-N-[4-isobutyryl-5-(2-methanesulfo- 
nylaminoethyl)-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide} (0.707 g, 30%) as white crystals. 
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1 H NMR (270 MHz, CDCI 3 ) 5 (ppm): 1.15 (2 xd, J = 7.0 Hz, 6H), 1 .29 (s, 9H), 2.57-2.67 (m, 1 H), 2.96 (s, 3H), 3.23-3.44 
(m, 3H), 3.37-3.68 (m, 1H), 4.46 (brs, 1H), 7.25-7.38 (m, 5H), 8.00 (brs, 1H). 
APCI-MS m/z: 453 (M-1)-. 
Melting point: 1 62.0-1 64.0'C. 

Specific rotation: A solution of the resulting compound in methanol gave a negative value as a specific rotation forsodium 
D line (wavelength: 589.3 nm) at 20°C. 

Reference Example 1 8 

Compound e:(-)-N-{2-[5-(2-Oxopyrrolidin-1-yl)-2-phenyl-3-propionyl-2,3-dihydro-1,3,4-thiadiazol-2-yl]ethyl}meth- 
anesulfonamide 

[0089] The optically active N-[2-(5-amino-2-phenyl-3-propionyl-2,3-dihydro-1,3,4-thiadiazol-2-yl)ethyl]methanesul- 
fonamide (1.01 g, 2.83 mmol) obtained in Step 2 of Reference Example 15 and pyridine (330 |xL, 4.08 mmol) were 
dissolved in dichloromethane (40 mL), and 4-bromobutyryl chloride (390 (iL, 3.40 mmol) was added at 0'C, then the 
mixture was stirred at room temperature for 2 hours. To the mixture was added 1 mol/L hydrochloric, and the mixture 
was extracted with chloroform. The organic layer was dried over anhydrous sodium sulfate, and concentrated under 
reduced pressure. To the residue were added DMSO (10 mL) and sodium acetate (560 mg, 6.83 mmol), and the mixture 
was stirred at 1 00'C for 5 minutes. After cooling, water and 1 mol/L hydrochloric acid were added, and the mixture was 
extracted with ethyl acetate. The organic layerwas dried over anhydrous sodium sulfate, and concentrated under reduced 
pressure. The residue was purified by silica gel column chromatography (chloroform/methanol = 20/1 ) to give Compound 
e {{-)-N-{2-[5-(2-oxopyrrolidin-1-yl)-2-phenyl-3-propionyl-2,3-dihydro-1,3,4-thiadiazol-2-yl]ethyl}methanesulfonamide} 
(878 mg, 73%). 

1 H NMR (270 MHz, CDCI 3 ) 5 (ppm): 1.15 (t, J = 6.6 Hz, 3H), 2.22 (m, 2H), 2.55-2.67 (m, 3H), 2.94 (s, 3H), 3.31-3.47 
(m, 4H), 3.61 (m, 1H), 3.91-3.98 (m, 2H), 5.0 (brs, 1H), 7.20-7.35 (m, 5H). 
APCI-MS m/z: 423 (M-1)-. 
Melting point: 188.0-1 91. 0°C. 

Specific rotation: A solution of the resulting compound in methanol gave a negative value as aspecific rotation for sodium 
D line (wavelength: 589.3 nm) at 20°C. 

Reference Example 1 9 

Compoundf: (-)-N-[4-Acetyl-5-(2-methanesulfonylaminoethyl)-5-phenyl-4,5-dihydro-1 ,3,4-thiadiazol-2-yl]-2,2-dimethyl- 
propanamide 

[0090] Step 1: Methanesulfonamide (0.476 g, 5.00 mmol) was dissolved in N,N-dimethylformamide (DMF, 10 mL), 
and 60% sodium hydride (0.275 g, 5.00 mmol) was added at 0'C, then the mixture was stirred at the same temperature 
for 20 minutes. Subsequently, to the mixture was added 3-chloropropiophenone (843 mg, 5.00 mol), and the mixture 
was stirred at the same temperature for 2 hours, and then fu rther stirred at room temperature for 1 5 hours. To the mixture 
was added water, and the mixture was extracted with ethyl acetate. The organic layerwas washed with brine, dried over 
anhydrous sodium sulfate, and concentrated under reduced pressure. The residue was purified by silica gel column 
chromatography (chloroform/methanol = 20/1) to give N-methanesulfonyl-3-aminopropiophenone (240 mg, 21%). 
Subsequently, in the same manner as that of the method described in W02003/051854, N-methanesulfonyl-3-amino- 
propiophenone=thiosemicarbazone (21 9 mg, 45%) was obtained from N-methanesulfonyl-3-aminopropiophenone (388 
mg, 1.71 mmol) obtained above and thiosemicarbazide (156 mg, 1.71 mmol). 

Step 2: N-Methanesulfonyl-3-aminopropiophenone=thiosemicarbazone (9.83 g, 32.7 mmol) obtained in Step 1 men- 
tioned above was dissolved in acetic anhydride (38 mL), and the solution was stirred at 1 30'C for 1 0 minutes, and further 
stirred at 70"C for 2 hours, and then at room temperature for 5 hours. The deposited solid was collected by filtration to 
give N-t4-acetyl-5-(2-methanesulfonylaminoethyl)-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]acetamide (11.3 g, 73%). 
[0091] Step 3: In the same manner as that of the method described in WO2003/051 854, from N-[4-acetyl-5-(2-meth- 
anesulfonylaminoethyl)-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]acetamide (5.22 g, 13.6 mmol) obtained in Step 2 
mentioned above, sodium borohydride (5.14 g, 136 mmol), and cerium chloride heptahydrate (5.07 g, 13.6 mmol), N- 
[2-(3-acetyl-5-amino-2-phenyl-2,3-dihydro-1,3,4-thiadiazol-2-yl)ethyl]methanesulfonamide was obtained. 
Next, (R)-(-)-2-phenylpropionyl chloride prepared from (R)-(-)-2-phenylpropionic acid (4.65 g, 3.10 mmol) and thionyl 
chloride (30 mL), and N-[2-(3-acetyl-5-amino-2-phenyl-2,3-dihydro-1,3,4-thiadiazol-2-yl)ethyl]methanesulfonamide ob- 
tained above were treated in pyridine (5.0 mL, 61 .8 mmol) in the same manner as that in Step 1 of Example 1 5, and 
the resultant was purified by silica gel column chromatography (chloroform/n-hexane/ethyl acetate/methanol = 20/3/2/1 ) 
to give one diastereomerof N-t4-acetyl-5-(2-methanesulfonylaminoethyl)-5-phenyl-4,5-dihydro-1 ,3,4-thiadiazol-2-yl]-2- 
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phenylpropanamide (0.75 g, 12%) as a fraction eluted first, and another diastereomer of N-[4-acetyl-5-(2-methanesul- 
fonylaminoethyl)-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]-2-phenylpropanamide (0.82 g, 13%) as a fraction eluted 
later. 

Step 4: In the same manner as that in Step 2 of Reference Example 14, from another diastereomer of N-[4-acetyl-5-(2- 
methanesulfonylaminoethyl)-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]-2-phenylpropanamide (0.632 g, 1.33 mmol) 
eluted later obtained in Step 3 mentioned above, cerium chloride heptahydrate (0.496 g, 1 .33 mmol) and sodium boro- 
hydride (0.503 g, 13.3 mmol), optically active N-[2-(3-acetyl-5-amino-2-phenyi-2,3-dihydro-1,3,4-thiadiazol-2-yl)ethyl] 
methanesuifonamide (232 mg, 51%) was obtained. 

[0092] Step 5: In the same manner as that in Step 3 of Reference Example 14, from the optically active N-[2-(3-acetyl- 
5-amino-2-phenyl-2,3-dihydro-1 ,3,4-thiadiazol-2-yl)ethyl]-methanesulfonamide (0.0393 g, 0.1 15 mmol) obtained in Step 
4 mentioned above, pyridine (44.7 (iL, 0.552 mmol) and trimethylacetyl chloride (56.7 piL, 0.460 mmol), Compound f 
{(-)-N-[4- acetyl- 5-(2- methanesulfonylaminoethyl)- 5- phenyl-4,5- dihydro- 1 ,3,4- thiadiazol- 2- yl]- 2,2- dimethy Ipropana- 
mide} (0.0420 g, 86%) was obtained. 

1 H NMR (270 MHz, CDCI 3 ) 5 (ppm): 1.28 (s, 9H), 2.30 (s, 3H), 2.55-2.68 (m, 1H), 2.97 (s, 3H), 3.30-3.43 (m, 2H), 

3.59- 3.68 (m, 1H), 4.44 (brs, 1H), 7.27-7.39 (m, 5H), 8.00 (brs, 1H). 
APCI-MSm/z:425(M-1)-. 

Melting point: 1 87.0-1 90.0°C. 

Specific rotation: A solution of the resulting compound in methanol gave a negative value as a specific rotation forsodium 
D line (wavelength: 589.3 nm) at 20'C. 

Reference Example 20 

Compound g: N-{2-[3-Acetyl-5-(2-oxopyrrolidin-1-yl)-2-phenyl-2,3-dihydro-1 ,3,4-thiadiazol-2-yl]ethyl}methanesulfona- 
mide 

[0093] I n the same manner as that in Reference Example 1 6, from the optically active N-[2-(3-acetyl-5-amino-2-phenyl- 
2,3-dihydro-1 ,3,4-thiadiazol-2-yl)ethyl]-methanesulfonamide (0.0300 g, 0.0876 mmol) obtained in Step 4 of Reference 
Example 19, pyridine (33.6 (i.L, 0.420 mmol), 4-bromobutyryl chloride (40.6 |xL, 0.350 mmol) and sodium acetate (0.0575 
g, 0.701 mmol), Compound g {N-{2-[3-acetyl-5-(2-oxopyrrolidin-1-yl)-2-phenyl-2,3-dihydro-1,3,4-thiadiazol-2-yl]ethyl} 
methanesuifonamide} (0.0301 g, 84%) was obtained. 

1 H NMR (270 MHz, CDCI 3 ) 5 (ppm): 2.15 (m, 2H), 2.33 (s, 3H), 2.50-2.67 (m, 3H), 2.97 (s, 3H), 3.31-3.44 (m, 2H), 

3.60- 3.65 (m, 1H), 3.87-3.97 (m, 2H), 4.46 (brs, 1H), 7.24-7.38 (m, 5H). 
APCI-MSm/z: 409 (M-1)-. 

Melting point: 137.0-1 40.0'C. 

Reference Example 21 

Compound h: (-)-N-{2-[3-Acetyl-5-(2-oxopiperidino)-2-phenyl-2,3-dihydro-1,3,4-thiadiazol-2-yl]ethyl}methanesulfona- 
mide 

[0094] In the same manneras that in Reference Example 1 6, from the optically active N-[2-(3-acetyl-5-amino-2-phenyl- 
2,3-dihydro-1 ,3,4-thiadiazol-2-yl)ethyl]-methanesulfonamide (0.0260 g, 0.0759 mmol) obtained in Step 4 of Reference 
Example 1 9, pyridine (29.3 |xL, 0.365 mmol), 5-bromovaleryl chloride (40.7 ^L, 0.304 mmol) and sodium acetate (0.0498 
g, 0.607 mmol), Compound h {(-)-N-{2-[3-acetyl-5-(2-oxopiperidino)-2-phenyl-2,3-dihydro-1 ,3,4-thiadiazol-2-yl]ethyl} 
methanesuifonamide} (0.0241 g, 75%) was obtained. 

1 H NMR (270 MHz, CDCI 3 ) 8 (ppm): 1 .82-1 .98 (m, 4H), 2.33 (s, 3H), 2.52-2.62 (m, 3H), 2.95 (s, 3H), 3.27-3.38 (m, 2H), 
3.59-3.70 (m, 1 H), 3.84-3.92 (m, 2H), 4.62 (br s, 1 H), 7.23-7.37 (m, 5H). 
APCI-MS m/z: 423 (M-1)". 
Melting point: 1 69.0-1 71 .0°C. 

Specific rotation: A solution of the resulting compound in methanol gave a negative value as a specific rotation forsodium 
D line (wavelength: 589.3 nm) at 20'C. 

Reference Example 22 

Compound i: N-{4-(2,2-Dimethylpropionyl)-5-[2-(2-ethylaminoethanesulfonylamino)-ethyl]-5-phenyl-4,5-dihydro- 
1,3,4-thiadiazol-2-yl}-2,2-dimethylpropanamide 



[0095] Compound 14 {N-{4-(2,2-dimethylpropionyl-5-[2-(2-ethylaminoethanesulfonyl-amino)ethyl]-5-phenyl-4,5-dihy- 
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dro-1,3,4-thiadiazol-2-yl}-2,2-dimethylpropanamide} obtained in Reference Example 30 (0.15 g, 0.29 mmoi) was sub- 
jected to preparative high performance liquid chromatography (HPLC) [column: CHIRALCEL OD, tp 20 x 250 mm (Daicel 
Chemical Industries, Ltd.), elution solvent: hexane/ethanol = 80/20 (containing 0.1% diethyiamine), flow rate: 6.0 mU 
minute] to give a fraction for a retention time of 9.0 minutes among fractions for retention times of 7.5 minutes and 9.0 
minutes. The resulting fraction was concentrated to give Compound i {N-{4-(2,2-dimethylpropionyl)-5-[2-(2-ethylami- 
noethanesulfonylamino)ethyl]-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2-yl}-2,2-dimethylpropanamide} (33 mg, 22% as a 
white solid. 

1 H NMR (270 MHz, CDCI 3 ) 8 (ppm): 1 .1 1 (t, J = 7. 1 Hz, 3H), 1 .30 (s, 9H), 1 .33 (s, 9H), 2.67 (q, J = 7.1 Hz, 2H), 2.53-2.70 
(m, 1H), 3.00-3.76 (m, 8H), 7.22-7.38 (m, 5H), 7.92 (brs, 1H). 
APCI-MS m/z: 526 (M+H) + . 

Reference Example 23 

Compound j: N-[5-Aminomethyl-4-(2,2-dimethylpropionyl)-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]-2,2-dimethylpro- 
panamide 

[0096] Step 1 : [3-(2,2-Dimethylpropionyl)-5-(2,2-dimethylpropionylamino)-2-phenyl-2,3-dihydro-1 ,3,4-thiadiazol-2-yl- 
methyljcarbamic acid tert-butyl ester obtained according to the method described in W02004/092147 was subjected to 
high performance liquid chromatography (HPLC) [column: CHIRALPAK AD q> 4.6 x 250 mm (Daicel Chemical Industries, 
Ltd.), elution solvent: hexane/ethanol = 80/20, flow rate: 1 .0 mL/minute], and afraction for a retention time of 5.76 minutes 
was collected among fractions for retention times of 4.63 minutes and 5.76 minutes to give optically active [3-(2,2- 
dimethylpropionyl)-5-(2,2-dimethylpropionylamino)-2-phenyl-2,3-dihydro-1,3,4-thiadiazol-2-ylmethyl]carbamic acid 
tert-butyl ester. 

Step 2: The optically active [3-(2,2-dimethylpropionyl)-5-(2,2-dimethylpropionyl-amino)-2-phenyl-2;3-dihydro-1,3,4-thi- 
adiazol-2-ylmethyl]carbamic acid tert-butyl ester (5.91 g, 1 2.4 mmol) obtained in Step 1 mentioned above was dissolved 
in ethyl acetate (20 mL), and 1 mol/L hydrogen chloride/ethyl acetate solution (40 mL) was added, then the mixture was 
stirred at room temperature for 1 hour. The deposited crystals were collected by filtration, and the resulting crystals were 
dried under reduced pressure with heating to give hydrochloride of Compound j {N-[5-aminomethyl-4-(2,2-dimethylpro- 
pionyl)-5-phenyl-4,5-dihydro-1 ,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide) (4.72 g, 92%). 
APCI-MS m/z: 377(M+H)+. 
Melting point: 1 75.0-1 82.0°C. 

Reference Example 24 

Compound k: N-[4-(2,2-Dimethylpropionyl)-5-ethenesulfonylaminomethyl-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]- 
2,2-dimethylpropanamide 

[0097] The hydrochloride of Compound j {N-[5-aminomethyl-4-(2,2-dimethyl-propionyl)-5-phenyl-4,5-dihydro-1,3,4- 
thiadiazol-2-yl]-2,2-dimethylpropanamide} (0.502 g, 1.22 mmol) obtained in Reference Example 23 was dissolved in 
ethyl acetate (20 mL), and chloroethanesulfonyl chloride (0.203 mL, 1 .22 mmol) was added, then the mixture was stirred 
at room temperature for 2 minutes. The mixture was cooled to 0'C, and triethylamine (0.680 mL, 4.88 mmol) was added, 
then the mixture was stirred at the same temperature for 30 minutes. To the mixture were added water and 1 .0 mol/L 
hydrochloric acid, and the mixture was extracted with chloroform. 

The organic layer was washed with water and brine, dried over anhydrous sodium sulfate, and concentrated under 
reduced pressure. The residue was purified by preparative silica gel thin layer chromatography (hexane/ethyl acetate 
= 3/2) to give Compound k {N-[4-(2,2-dimethylpropionyl)-5-ethenesulfonylaminomethyl-5-phenyl-4,5-dihydro-1 ,3,4-thi- 
adiazol-2-yl]-2,2-dimethylpropanamide} (0.408 g, 72%). 

1H NMR (300 MHz, CDCI 3 ) S (ppm): 1.29 (s, 9H), 1.33 (s, 9H), 3.85 (dd, J = 13.5, 4.8 Hz, 1H), 4.49 (dd, J = 13.5, 8.1 
Hz, 1 H), 5.29 (br s, 1 H), 5.93 (br d, J = 9.9 Hz, 1 H), 6.27 (br d, J = 1 6.5 Hz, 1 H), 6.53 (br dd, J = 1 6.4, 9.6 Hz, 1 H), 
7.27-7.34 (m,5H), 8.06 (brs, 1H). 
APCI-MS m/z: 466 (M)+. 

Reference Example 25 

Compound 1: (-)-N-[4-(2,2-Dimethylpropionyl)-5-(2-ethylaminoethanesulfonylaminomethyl)-5-phenyl-4,5-dihydro- 
1 ,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide 



[0098] Compound k {N-[4-(2,2-dimethylpropionyl)-5-ethenesulfonylaminomethyl-5-phenyl-4,5-dihydro-1 ,3,4-thiadia- 
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zol-2-yl]-2,2-dimethylpropanamide} (1 .50 g, 3.21 mmol) obtained in Reference Example 24 was dissolved in acetonitrile 
(60 mL), and 70% aqueous ethylamine (13.9 ml_) was added, then the mixture was stirred at room temperature for 1 
hour. The mixture was concentrated under reduced pressure, and the resulting residue was dissolved in ethanol. To 
the solution was added water, and the deposited solid was collected by filtration to give Compound 1 {(-)-N-[4-(2,2- 
dimethylpropionyl)- 5-(2- ethylaminoethanesuifonylaminomethyi)- 5- phenyl- 4,5- dihydro- 1 ,3,4- thiadiazol- 2- yl]- 2,2- 
dimethylpropanamide} (0.830 g, 51%). 

1 H NMR (300 MHz, CDCI 3 ) 8 (ppm): 1.09 (t, J=7.0 Hz, 3H), 1.28 (s, 9H), 1.34 (s, 9H), 2.63 (q, J= 7.0 Hz, 2H), 3.03-3.12 
(m, 2H), 3.16-3.24 (m, 2H), 4.02 (d, J= 13.2 Hz, 1H), 4.58 (d, J= 13.2 Hz, 1H), 7.27-7.35 (m, 6H), 8.02 (brs, 1H). 
APCI-MSm/z:512(M+1)+. 
Melting point: 169.0-1 71 .0'C. 

Specific rotation: A solution of the resulting compound in methanol gave a negative value as a specific rotation for sodium 
D line (wavelength: 589.3 nm) at 20'C. 

Reference Example 26 

Compound m: (-)-N-[5-(2-Dimethylaminoethanesulfonylaminomethyl)-4-(2,2-dimethylpropionyl)-5-phenyl-4,5-dihydro- 
1,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide 

[0099] Step 1 : In the same manner as that in Reference Example 25, from N-[4-(2,2-dimethylpropionyl)-5-ethenesul- 
fonylaminomethyl-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide (0.05 g, 0.11 mmol) obtained 
according to the method described in WO2003/051854 and a 2 mol/L dimethylamine/methanol solution (0.10 mL), 
N-[5-(2-dimethylaminoethanesulfonylaminomethyl)-4-(2,2-dimethylpropionyl)-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2- 
yl]-2,2-dimethylpropanamide (0.02 g, 35%) was obtained. 

[0100] Step 2: N-[5-(2-Dimethylaminoethanesulfonylaminomethyl)-4-(2,2-dimethylpropionyl)-5-phenyl-4,5-dihydro- 
1 ,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide (50 mg) obtained in Step 1 mentioned above was subjected to prepar- 
ative high performance liquid chromatography (HPLC) [column: CHIRALPAK AD ip 20 x 250 mm (Daicel Chemical 
Industries, Ltd.), elution solvent: hexane/ethanol = 91/9, flow rate: 5.0 mL/minute], and fractions for retention times of 
22 minutes and 33 minutes were collected, respectively. Among them, the fraction of 33 minutes was concentrated to 
give Compound m{(-)-N-[5-(2-dimethylaminoethanesulfonylaminomethy!)-4-(2,2-dimethylpropionyl)-5-phenyl-4,5-dihy- 
dro-1,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide} (17 mg, 34%). 

1 H NMR (300 MHz, CDCI 3 ) S (ppm): 1.28 (s, 9H), 1.34 (s, 9H), 2.25 (s, 6H), 2.73 (br q, J = 6.3 Hz, 1H), 2.84 (br q, J = 
6.2 Hz, 1H), 3.18 (brt, J = 6.6 Hz, 2H), 4.02 (d, J = 13.2 Hz, 1H), 4.58 (d, J = 13.2 Hz, 1H), 5.85 (br s, 1H), 7.27-7.35 
(m,5H), 8.02 (brs, 1H). 
APCI-MSm/z: 512(M+1)+. 
Melting point: 101.0-104.0*C. 

Specific rotation: A solution of the resulting compound in methanol gave a negative value as a specific rotation for sodium 
D line (wavelength: 589.3 nm) at 20°C. 

Reference Example 27 

Compound p:N-[5-(3-Aminopropanesulfonylaminomethyl)-4-(2,2-dimethylpropionyl)-5-phenyl-4,5-dihydro-1,3,4-thiadi- 
azol-2-yl]-2,2-dimethylpropanamide 

[01 01 ] Step 1 : The hydrochloride of Compound j {N-[5-aminomethyl-4-(2,2-dimethyl-propionyl)-5-phenyl-4,5-dihydro- 
1 ,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide) (1 .00 g, 2.42 mmol) obtained in Reference Example 23 was suspended 
in dichloromethane (25 mL), and triethylamine (1.35 mL, 9.69 mmol) and 3-chloropropanesulfonyl chloride (0.442 mL, 
3.63 mmol) were added under ice cooling, then the mixture was stirred at room temperature for 22 hours. To the mixture 
were added water and 1 mol/L hydrochloric acid, and the mixture was extracted with chloroform. The organic layer was 
washed with saturated aqueous sodium hydrogencarbonate and brine, dried over anhydrous sodium sulfate, and con- 
centrated under reduced pressure. The residue was tritu rated with a mixed solvent of diisopropyl ether and ethyl acetate 
to give optically active N-[5-(3-chloropropanesulfonylaminomethyl)-4-(2,2-dimethylpropionyl)-5-phenyl-4,5-dihydro- 
1 ,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide (0.880 g, 70%). 

1 H NMR (270 MHz, CDCI 3 ) 8 (ppm): 1.29 (s, 9H), 1.35 (s, 9H), 2.25 (m, 2H), 3.22 (m, 2H), 3.63 (m, 2H), 4.01 (dd, J = 
5.1 , 1 3.7 Hz, 1 H), 4.60 (dd, J = 8.0, 13.7 Hz, 1 H)„ 5.1 9 (dd, J = 5.1 , 8.0 Hz, 1 H), 7.23-7.41 (m, 5H), 7.94 (s, 1 H). 
ESI-MS m/z:515, 517 (M-H)\ 

[0102] Step 2: The optically active N-[5-(3-chloropropanesulfonylaminomethyI)-4-(2,2-dimethylpropionyl)-5-phenyl- 
4,5-dihydro-1,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide (1.50 g, 2.90 mmol) obtained in Step 1 mentioned above, 
sodium iodide (8.69 g, 58.0 mmol) and sodium azide (1.89 g, 29.0 mmol) were suspended in DMF (20 mL), and the 



EP 1 870 404 A1 



suspension was stirred at 90'C for 4 hours. To the mixture was added water, and the mixture was extracted with ethyl 
acetate. The organic layer was washed with brine, dried over anhydrous sodium sulfate, and concentrated under reduced 
pressure. The residue was triturated with diethyl etherto give optically active N-[5-(3-azidopropanesulfonylaminomethyl)- 
4-(2,2-dimethylpropionyl)-5-phenyl-4,5-dihydro-1 ,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide (1 .82 g). 
Next, the resulting optically active N-[5-(3-azidopropanesulfonylamino-methyl)-4-(2,2-dimethylpropionyl)-5-phenyl-4,5- 
dihydro-1 ,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide was dissolved in THF (53 mL), and water (10.6 mL) and triphe- 
nylphosphine (1.24 g, 4.73 mmol) were added, then the mixture was stirred at room temperature for 16 hours. The 
mixture was concentrated under reduced pressure, and water and saturated aqueous sodium hydrogencarbonate were 
added, then the mixture was extracted with ethyl acetate. The organic layer was extracted with aqueous hydrochloric 
acid, and the aqueous layer was made basic by adding saturated aqueous sodium hydrogencarbonate, and then extracted 
with ethyl acetate. The resulting organic layer was concentrated under reduced pressure to give Compound p {N-[5-(3- 
aminopropanesulfonylaminomethyl)-4-(2,2-dimethylpropionyl)-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]-2,2-dimeth- 
ylpropanamide} (1 .29 g, 89%). 

1 H NMR (300 MHz, CDCI 3 ) 8 (ppm): 1.29 (s, 9H), 1.33 (s, 9H), 1.96 (m, 2H),2.85 (t, J = 6.6 Hz, 2H), 3.19 (t, J = 7.5 Hz, 
2H), 3.99 (d, J = 13.7 Hz, 1H), 4.61 (d, J = 13.7 Hz, 1H), 7.24-7.39 (m, 5H). 
APCI-MS m/z: 498 (M+H) + . 

Reference Example 28 

Compound n: (-)-N-[5-(3-Dimethylaminopropanesulfonylaminomethyl)-4-(2,2-dimethylpropionyl)-5-phenyl-4,5-dihydro- 
1,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide 

[0103] Compound p {N-[5-(3-aminopropanesulfonylaminomethyl)-4-(2,2-dimethyl-propionyl)-5-phenyl-4,5-dihydro- 
1,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide} (1.00 g, 2.01 mmol) obtained in Reference Example 27 was dissolved 
in dichloroethane (40 mL), and 37% aqueous formalin (1.63 mL, 0.201 mmol), acetic acid (1.15 mL, 20.1 mmol) and 
sodium triacetoxyborohydride (4.26 g, 20.1 mmol) were added, then the mixture was stirred at room temperature for 13 
hours. To the mixture were added water and saturated aqueous sodium hydrogencarbonate, and the mixture was 
extracted with chloroform. The organic layer was washed with brine, dried over anhydrous sodium sulfate, and concen- 
trated under reduced pressure. The residue was purified by silica gel column chromatography (chloroform/methanol = 
9/1 -> 4/1 - > 7/3) to give Compound n {(-)-N-[5-(3-dimethylaminopropanesulfonylaminomethyl)-4-(2,2-dimethylpropio- 
nyl)-5-phenyl-4,5-dihydro-1 ,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide} (0.910 mg, 86%). 

1 H NMR (270 MHz, CDCI 3 ) 8 (ppm): 1.29 (s, 9H), 1.33 (s, 9H), 1.96 (m, 2H), 2.20 (s, 6H), 2.36 (t, J = 6.7 Hz, 2H), 3.12 
(m, 2H), 3.96 (d, J = 13.4 Hz, 1H), 4.59 (m, 1H), 5.57 (br, 1H), 7.23-7.38 (m, 5H), 7.96 (br, 1H). 
APCI-MS m/z: 526 (M+H) + . 
Melting point: 92.0-95.0'C. 

Specific rotation: A solution of the resulting compound in methanol gave a negative value as a specific rotation for sodium 
D line (wavelength: 589.3 ran) at 20'C. 

Reference Example 29 

Compound o: 4-[3-(2,2-Dimethylpropionyl)-5-(2,2-dimethylpropionylamino)-2-phenyl-2,3-dihydro-1,3,4-thiadiazol- 
2-yl]-N-(2-hydroxyethyl)butanamide 

[0104] Step 1 : In the same manner as that of the method described in to WO2003/051 854, from 4-[3-(2,2-dimethyl- 
propionyl)-5-(2,2-dimethylpropionylamino)-2-phenyl-2,3-dihydro-1 ,3,4-thiadiazol-2-yl]butanoic acid methyl ester (1 1 .2 
g, 25.9 mmol) obtained according to the method described in WO2003/051 854 and sodium borohydride (2.94 g, 77.6 
mmol), 4-[5-amino-3-(2,2-dimethylpropionyl)-2-phenyl-2,3-dihydro-1 ,3,4-thiadiazol-2-yl]butanoic acid methyl ester (1 .54 
g, 1 7%) was obtained. 
APCI-MS m/z: 364 (M+H) + . 

Step 2: In the same manner as that in Step 1 of Reference Example 14, from 4-[5-amino-3-(2,2-dimethylpropionyl)-2- 
phenyl-2,3-dihydro-1,3,4-thiadiazol-2-yl]butanoic acid methyl ester (1.54 g, 4.24 mmol) obtained in Step 1 mentioned 
above, (S)-(+)-2-phenylpropionic acid (1 .99 g, 13.2 mmol), thionyl chloride (20 mL) and pyridine (1 .80 mL, 22.0 mmol), 
a diastereomer mixture was obtained. The resulting diastereomer mixture was purified by silica gel column chromatog- 
raphy (chloroform/acetone = 60/1 2) to give one diastereomer of N-[3-(2,2-dimethylpropionyl)-2-phenyl-5-(2-phenylpro- 
pionylamino)-2,3-dihydro-1,3,4-thiadiazol-2-yl]butanoic acid methyl ester (0.679 g, 32%) as a fraction eluted first. 
1 H NMR (300 MHz, CDCI 3 ) 8 (ppm): 1 .24 (s, 9H), 1 .54 (d, J = 8.0 Hz, 3H), 1 .42-1 .67 (m, 1 H), 1 .99-2.1 5 (m, 1 H), 2.20-2.32 
(m, 1H), 2.38-2.46 (m, 2H), 3.03-3.16 (m, 1H), 3.62-3.71 (m, 1H), 3.67 (s, 3H), 7.18-7.47 (m, 10H), 7.64 (brs, 1H). 
APCI-MS m/z: 496 (M+H)+. 



34 



EP 1 870 404 A1 



[0105] Step 3: Sodium hydroxide (0.240 g, 6.01 mmol) was dissolved in water (4.0 mL), and dioxane (8.0 mL) was 
added, then the mixture was stirred. To the resulting solution was added the one diastereomer of N-[3-(2,2-dimethyl- 
propionyl)-2-phenyl-5-(2-phenylpropionylamino)-2,3-dihydro-1 ,3,4-thiadiazol-2-yl]butanoic acid methyl ester (0.992 g, 
2.00 mmol) obtained in Step 2 mentioned above, and the mixture was stirred at room temperature for 5 hours. To the 
s mixture were added 1 mol/L hydrochloric acid (20 mL) and water (30 mL), and deposited white solid was collected by 
filtration. The resulting solid was washed with water and diisopropyl ether, and dried under reduced pressure to give 
4-[3-(2,2-dimethylpropionyl)-2-phenyl-5-(2-phenyl-propionyl-amino)-2,3-dihydro-1,3,4-thiadiazol-2-yl]butanoic acid 
(9.60 g, 99%). 
APCI-MS m/z: 481 (M+H) + . 

10 Step 4: To 4-[3-(2,2-dimethylpropionyl)-2-phenyl-5-(2-phenylpropionylamino)-2,3-dihydro-1 ,3,4-thiadiazol-2-yl]butanoic 
acid (1.03 g, 2.14 mmol) obtained above were added oxalyl chloride (0.223 mL, 2.57 mmol) and DMF (17 jiL, 0.214 
mmol) at 0'C, and the mixture was stirred at the same temperature for 1 hour. The mixture was concentrated under 
reduced pressure, to the residue was added dichloromethane (20 mL), and the mixture was stirred at 0"C. Then, eth- 
anolamine (1 .2 mL, 21 .4 mmol) was added to the mixture, and the mixture was stirred at room temperature for 3 hours. 

is To the mixture were added 1 mol/L hydrochloric acid (20 mL) and water (30 mL), and the mixture was extracted with 
chloroform. The organic layer was washed with brine, dried over anhydrous sodium sulfate, and concentrated under 
reduced pressure. To the resulting residue was added diisopropyl ether, and the deposited white solid was collected by 
filtration. The resulting solid was washed with water and diisopropyl ether, and dried under reduced pressure to give 
4-[3-(2,2-dimethylpropionyl)-2-phenyl-5-(2-phenylpropionylamino)-2,3-dihydro-1,3,4-thiadiazol-2-yl]-N-(2-hydroxye- 

20 thyl)butanamide(1.10g, 99%). 
APCI-MS m/z: 525 (M+H)+. 

[0106] Step 5: To 4-[3-(2,2-dimethylpropionyl)-2-phenyl-5-(2-phenylpropionylamino)-2,3-dihydro-1 ,3,4-thiadiazol-2- 

yl]-N-(2-hydroxyethyl)butanamide (1 .21 g, 2.31 mmol) obtained in Step 4 mentioned above was added dichloromethane 

(20 mL), and the mixture was stirred at 0°C. Then, to the mixture were added pyridine (0.470 mL, 5.77 mmol) and tert- 
25 butyldimethylsilyl chloride (869 mg, 5.77 mmol), and the mixture was stirred at room temperature for 3 hours. To the 

mixture were added 1 mol/L hydrochloric acid (20 mL) and water (30 mL), and the mixture was extracted with chloroform. 

Theorganiclayerwaswashedwith brine, dried over anhydrous sodium sulfate, and concentrated under reduced pressure. 

To the resulting residue was added diisopropyl ether, and the deposited white solid was collected by filtration. 

The resulting solid was washed with water and diisopropyl ether, and dried under reduced pressure to give N-[2-(tert- 
30 butyldimethylsiloxy)ethyl]-4-[3-(2,2-dimethylpropionyl)-2-phenyl-5-(2-phenylpropionylamino)-2,3-dihydro-1,3,4-thiadia- 

zol-2-yl]butanamide (1.25 g, 85%). 

APCI-MS m/z: 638 (M+H)+. 

Step 6: In the same manner as that in Step 2 of Reference Example 14, from N-[2-(tert-butyldimethylsiloxy)ethyrj- 
4-[3-(2,2-dimethylpropionyl)-2-phenyl-5-(2-phenylpropionylamino)-2,3-dihydro-1,3,4-thiadiazol-2-yl]butanamide (0.376 
35 g, 0.588 mmol obtained in Step 5 mentioned above and sodium borohydride (0.1 1 1 g, 2.94 mmol), optically active 4-[5- 
amino-3-(2,2-dimethylpropionyl)-2-phenyl-2,3-dihydro-1,3,4-thiadiazol-2-yl]-N-[2-(tert-butyldimethylsiloxy)ethyl]butan- 
amide (0.1 13 g, 38%) was obtained. 

1 H NMR (270 MHz, CDCI 3 ) § (ppm): 0.03 (s, 3H), 0.07 (s, 3H), 0.86 (s, 9H), 0.90 (s, 9H), 2.15-2.28 (m, 1H), 2.49-2.58 
(m, 1H), 2.62-2.82 (m, 2H), 3.07-3-13 (m, 1H), 3.27-3.47 (m, 3H), 3.59-3.72 (m, 2H), 4.21 (br s, 2H), 5.97 (m, 1H), 
40 7.22-7.44 (m, 5H). 

APCI-MS m/z: 507 (M+H)+. 

[0107] Step 7: In the same manner as that in Step 3 of Reference Example 14, from the optically active 4-[5-amino- 
3-(2,2-dimethylpropionyl)-2-phenyl-2,3-dihydro-1,3,4-thiadiazol-2-yl]-N-[2-(tert-butyldimethylsiloxy)ethyl]butanamide 
(0.0683 g, 0.135 mmol) obtained in Step 6 mentioned above, pyridine (131 pi, 1.62 mmol) and trimethylacetyl chloride 

45 (0.1 66 mL, 1 .35 mmol), optically active N-[2-(tert-butyldimethylsiloxy)ethyl]-4-[3-(2,2-dimethylpropionyl)-5-(2,2-dimeth- 
ylpropionylamino)-2-phenyl-2,3-dihydro-1,3,4-thiadiazol-2-yl]butanamide (68.0 mg, 83%) was obtained. 
Step 8: The optically active N-[2-(tert-butyldimethylsiloxy)ethyl]-4-[3-(2,2-dimethylpropionyl)-5-(2,2-dimethylpropio- 
nylamino)-2-phenyl-2,3-dihydro-1,3,4-thiadiazol-2-yl]butanamide (71.0 mg, 0.117 mmol) obtained in Step 7 mentioned 
above was dissolved in THF (1 mL), to the solution was added a 1 mol/L solution of tetrabutylammonium fluoride in THF 

50 (0.16 mL), and the mixture was stirred at room temperature for 50 minutes. To the mixture was added water (1 mL), 
and the mixture was extracted with ethyl acetate. The organic layer was washed with brine, dried over anhydrous sodium 
sulfate, and concentrated under reduced pressure. The residue was purified by column chromatography (chloroform/ 
methanol = 9/1) to give Compound o {4-[3-(2,2-dimethylpropionyl)-5-(2,2-dimethylpropionylamino)-2-phenyl-2,3-dihy- 
dro-1 ,3,4-thiadiazol-2-yl]-N-(2-hydroxyethyl)butanmide} (47.6 mg, 85%) as white solid. 

55 1H NMR (300 MHz, CDCI 3 ) 8 (ppm): 1.28 (s, 9H), 1.33 (s, 9H), 1.56 (m, 1H), 2.22-2.51 (m, 4H), 3.15 (m, 1H), 3.35 (m, 
1H), 3.45 (m, 1H), 3.61-3.76 (m, 2H), 6.31 (brs, 1H), 7.41-7.72 (m, 5H), 8.05 (br s, 1H). 
APCI-MS m/z: 477 (M+H)+. 
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Reference Example 30 

Compound 14: N44-(2,2-Dimethylpropionyl)-5-[2-(2-ethylaminoethanesulfonylamino)-ethyl]-5-phenyl-4,5-dihydro- 
1,3,4-thiadiazol-2-yl}-2,2-dimethylpropanamide 

[0108] Step 1 : Palladium(ll) acetate (1 25 mg, 0.559 mmol) and triphenylphosphine (317 mg, 1 .21 mmol) were dissolved 
in tetrahydrofuran (THF, 50 mL). To the resulting solution were added N-tert-butoxycarbonyl-p-alanine (2.07 g, 10.9 
mmol), phenylboronic acid (1.61 g, 13.2 mmol), distilled water (0.477 mL, 26.5 mmol) and trimethylacetic anhydride 
(3.23 mL, 15.9 mmol), and the mixture was stirred at 60°C for 24 hours. The mixture was filtered, saturated aqueous 
sodium hydrogencarbonate was added to the filtrate, and the mixture was extracted with ethyl acetate. The organic 
layer was washed with brine, dried over anhydrous sodium sulfate, and concentrated under reduced pressure. The 
residue was purified by silica gel column chromatography (hexane/ethyl acetate = 9/1 -> 4/1) to give (3-oxo-3-phenyl- 
propy!)carbamic acid tert-butyl ester (1.85 g, 68%). 

Step 2: (3-Oxo-3-phenylpropyl)carbamic acid tert-butyl ester (51 3 mg, 2.06 mmol) obtained in Step 1 mentioned above 
was dissolved in methanol (40 mL). To the resulting solution was added thiosemicarbazide hydrochloride (562 mg, 4.40 
mmol), and the mixture was stirred at room temperature for 8 hours. To the mixture was added water, and the mixture 
was extracted with ethyl acetate. The organic layer was washed with brine, dried over anhydrous sodium sulfate, and 
concentrated under reduced pressure to give a pale yeliow solid (513 mg). Apart of the resulting solid (198 mg) was 
dissolved in dichloromethane (1 0 mL). To the resulting solution were added pyridine (0.300 mL, 3.73 mmol) and trimeth- 
ylacetyl chloride (0.415 mL, 3.37 mmol), and the mixture was stirred at room temperature for 22 hours. To the mixture 
was added saturated aqueous sodium hydrogencarbonate, and the mixture was further stirred at room temperature for 
1 hour, and extracted with ethyl acetate. The organic layer was washed with brine, dried over anhydrous sodium sulfate, 
and concentrated under reduced pressure. The residue was purified by preparative silica gel thin layer chromatography 
(n-hexane/ethyl acetate = 2/1) to give {2-[3-(2,2-dimethylpropionyl)-5-(2,2-dimethylpropionylamino)-2-phenyl-2,3-dihy- 
dro-1 ,3,4-thiadiazol-2-yl]ethyl}carbamic acid tert-butyl ester (319 mg, 1 00%). 
APCI-MSm/z: 491 (M+H)+. 

[0109] Step3:{2-[3-(2,2-Dimethylpropionyl)-5-(2,2-dimethylpropionylamino)-2-phenyl-2,3-dihydro-1,3,4-thiadiazol-2- 
y!]ethyl}carbamic acid tert-butyl ester (274 mg, 0.557 mmol) obtained in Step 2 mentioned above was dissolved in 
dichloromethane (1 0 mL). To the resulting solution was added trifluoroacetic acid (1 .0 mL), and the mixture was stirred 
at room temperature for 3 hours, and then concentrated under reduced pressure. To the residue was added diisopropyl 
ether, and the mixture was stirred for 3 hours. The deposited white solid was collected by filtration to give trifluoroacetate 
of N-[5-(2-aminoethyl)-4-(2,2-dimethylpropionyl)-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide 
(252 mg, 90%). 
APCI-MSm/z: 391(M+H) + . 

Step 4: The trifluoroacetate of N-[5-(2-aminoethyl)-4-(2,2-dimethylpropionyl)-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2- 
yl]-2,2-dimethylpropanamide (0.25 g, 0.53 mmol) obtained in Step 3 mentioned above was dissolved in methanol (5 
mL), and the solution was loaded on a column filled with ion exchange silica gel [SCX (Varian, BONDESIL SCX 40 jiM)]. 
After SCX was washed with methanol, a fraction eluted with a 1% hydrogen chloride - methanol solution was collected, 
and the fraction was concentrated under reduced pressure to give hydrochloride of N-[5-(2-aminoethyl)-4-(2,2-dimeth- 
ylpropionyl)-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide (0.19 g) as a white solid. 
[0110] The hydrochloride obtained above was dissolved in dichloromethane (10 mL), and 2-chloroethanesulfonyl 
chloride (0.14 mL, 2.2 mmol) and triethylamine (0.62 mL, 4.6 mmol) were added at 0'C, then the mixture was stirred at 
the same temperature for 4 hours, and then at room temperature for 10 hours. To the mixture was added saturated 
aqueous sodium hydrogencarbonate, and the mixture was extracted with ethyl acetate. The organic layer was washed 
with saturated aqueous ammonium chloride and brine, dried over anhydrous sodium sulfate, and concentrated under 
reduced pressure. The residue was purified by preparative silica gel thin layer chromatography (n-hexane/ethyl acetate 
= 2/1) to give N-[4-(2,2-dimethylpropionyl)-5-(2-ethenesulfonylaminoethyl)-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]- 
2,2-dimethylpropanamide (0.17 g, 65%). 

1 H NMR (300 MHz, CDCI 3 ) 5 (ppm): 1 .30 (s, 9H), 1.32 (s, 9H), 2.48-2.62 (m, 1H), 3.10-3.64 (m, 3H), 4.45 (brt, J = 5.7 
Hz, 1 H), 5.95 (d, J = 9.6 Hz, 1 H), 6.26 (d, J = 1 6.2 Hz, 1 H), 6.52 (dd, J = 9.6, 1 6.2 Hz, 1 H), 7.22-7.37 (m, 5H), 7.91 (brs, 1 H). 
[01 1 1 ] Step 5: N-[4-(2,2-Dimethylpropionyl)-5-(2-ethenesulfonylaminoethyl)-5-phenyl-4,5-dihydro-1 ,3,4-thiadiazol-2- 
yl]-2,2-dimethylpropanamide (0.1 6 g, 0.33 mmol) obtained in Step 4 mentioned above was dissolved in acetonitrile (1 0 
mL), and 70% aqueous ethylamine (1.0 mL, 12 mmol) was added, then the mixture was stirred at room temperature for 
3 hours. The reaction mixture was concentrated under reduced pressure, and the residue was purified by preparative 
silica gel thin layer chromatography (chloroform/methanol/concentrated aqueous ammonia = 1 00/1 0/1 ) to give Com- 
pound 14 {N-{4-(2,2-dimethylpropionyl)-5-[2-(2-ethylaminoethanesulfonyl-amino)ethyl]-5-phenyl-4,5-dihydro-1,3,4-thi- 
adiazol-2-yl}-2,2-dimethylpropanamide} (0.15 g, 86%). 



EP 1 870 404 A1 



Reference Example 31 

Compound 15: [3-(2,2-Dimethylpropionyl)-5-(2,2-dimethylpropionylamino)-2-phenyl-2,3-dihydro-1,3 > 4-thiadiazol-2-yl- 
methyl]carbamic acid tert-butyl ester 

[01 1 2] Step 1 : 2-Aminoacetophenone hydrochloride (400 g, 2.33 mol) was dissolved in a mixed solvent of water (2.8 
L) and ethyl acetate (3.6 L), and di-tert-butyl dicarbonate (534 g, 2.45 mol) together with ethyl acetate (400 mL) were 
added under ice cooling. Aqueous potassium carbonate (322 g/1 .2 L) was dropped to the solution with vigorously stirring 
over 1 hour. After the mixture was stirred for 1 .5 hours under ice cooling, the temperature was elevated to 30°C, and 
the mixture was stirred for 1 hour at 30'C. Disappearance of the starting material was confirmed by analysis based on 
high performance liquid chromatography (HPLC), and then the organic layer was separated and washed with brine (800 
mL). The organic layer was concentrated under reduced pressure to give 2-(tert-butoxycarbonylamino)acetophenone 
(610 g) as a slightly yellow oil. This compound was used for the following step without further purification. 
1 H NMR (300 MHz, DMSO-d 6 ) 8 (ppm): 7.96 (brd, J= 7.4 Hz, 2H), 7.61 (tt, J = 7.4, 1.6 Hz, 1H), 7.49 (brt, J= 7.4 Hz, 
2H), 5.54 (brs, 1H), 4.66 (d, J= 4.6 Hz, 2H), 1.48 (s, 9H). 

[0113] Step 2: 2-(tert-Butoxycarbonylamino)acetophenone (610 g) obtained above was dissolved in methanol (4.0 
L), and the solution was cooled on ice. Thiosemicarbazide (425 g, 4.66 mol) was dissolved in diluted hydrochloric acid 
(concentrated hydrochloric acid (388 mL) and water (1612 mL)), and an about half volume of this solution (1 L) was 
added dropwise to the aforementioned solution over 10 minutes. Then, seed crystals of 2-(tert-butoxycarbonylamino) 
acetophenone thiosemicarbazone (400 mg) prepared in Reference Example 20 were added, and then the remaining 
thiosemicarbazide solution was added dropwise over 30 minutes. The mixture was further stirred at room temperature 
for 1 hour, and water (2.0 L) was added, then the mixture was stirred at 5'C for 1 hour. The deposited solid was collected 
by filtration, and washed with cooled 50% aqueous methanol (1 .2 L) and then with cold water (800 mL). The resulting 
solid was dried at 50°C for 24 hours under reduced pressure to give 2-(tert-butoxycarbonylamino)acetophenone thi- 
osemicarbazone as a white solid (694 g, yield: 92.1% (for two steps)). 

1 H NMR (300 MHz, DMSO-d 6 ) 8 (ppm): 10.6 (brs, 1H), 8.37 (brs, 1H), 8.03-7.83 (m, 3H), 7.67 (brt, J= 4.1 Hz, 1H), 
7.42-7.30 (m, 3H), 4.17 (brd, J= 4.1 Hz, 2H), 1.38 (s, 9H). 

Step 3: 2-(tert-Butoxycarbonylamino)acetophenone thiosemicarbazone obtained above (690 g, 2.24 mol) was suspend- 
ed in acetonitrile (6.9 L), and pyridine (61 9 g) was added, then the mixture was cooled on ice. To the mixture was added 
dropwise pivaloyl chloride (809 g) over 25 minutes. After the mixture was stirred at room temperature for 5.5 hours, 1 
mol/L hydrochloric acid (1 .2 L) was added, and the mixture was stirred for several minutes, and then the aqueous phase 
was removed. To the organic layer was added water (690 mL) dropwise over 40 minutes with stirring. The solid deposited 
during the dropping, and the resulting suspension was further stirred at 5'C for 1 hour. The deposited solid was collected 
by filtration, and washed with cooled acetonitrile/water (10:1 , 2.0 L) and then with cold water (1 .4 L). The resulting solid 
was dried under reduced pressure at 25'C for 32 hours to give the title compound 15 {[3-(2,2-dimethylpropionyl)-5-(2,2- 
dimethylpropionylamino)-2-phenyl-2,3-dihydro-1,3,4-thiadiazol-2-ylmethyl]carbamicacidtert-butyl ester} asawhite solid 
(1031 g, yield: 95.4%). 

1 H NMR (300 MHz, DMSO-d 6 ) S (ppm): 10.89 (s, 1H), 7.40-7.20 (m, 5H), 6.74 (br dd, J= 6.8, 6.1 Hz, 1H), 4.37 (dd, J= 
14.5, 6.8 Hz, 1H), 3.98 (dd, J= 14.5, 6.1 Hz, 1H), 1.37 (s, 9H), 1.29 (s, 9H), 1.17 (s, 9H). 

Reference Example 32 

Compound q: [(2R)-3-(2,2-Dimethylpropionyl)-5-(2,2-dimethylpropionylamino)-2-phenyl-2,3-dihydro-1,3,4-thiadiazol- 
2-ylmethyl]carbamic acid tert-butyl ester 

[0114] Compound 15 [3-(2,2-Dimethylpropionyl)-5-(2,2-dimethylpropionylamino)-2-phenyl-2,3-dihydro-1 ,3,4-thiadia- 
zol-2-ylmethyl]carbamic acid tert-butyl ester obtained in Example 31 was subjected to high performance liquid chroma- 
tography (HPLC) [column: CHIRALPAK AD <p 4.6 x 250 mm (Daicel Chemical Industries, Ltd.), elution solvent: hexane/ 
ethanol = 80/20, flow rate: 1.0 mL/minute], and a fraction for a retention time of 5.76 minutes was collected among 
fractions for retention times of 4.63 minutes and 5.76 minutes to give Compound q {[(2R)-3-(2,2-dimethylpropionyl)- 
5-(2,2-dimethylpropionylamino)-2-phenyl-2,3-dihydro-1 ,3,4-thiadiazol-2-ylmethyl]-carbamic acid tert-butyl ester}.. 

Reference Example 33 

Compound 16: N-{4-(2,2-Dimethylpropionyl)-5-[2-(hydroxyamino)ethanesulfonylaminomethyl]-5-phenyl-4,5-dihy- 
dro-[1,3,4]thiadiazol-2-yl}-2,2-dimethylpropionamide 

[0115] Compound 10 {N-[4-(2,2-dimethylpropionyl)-5-ethenesulfonylaminomethyl-5-phenyl-4,5-dihydro-1,3,4-thiadi- 
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azol-2-yl]-2,2-dimethylpropanamide} (101 mg, 0.216 mmol) obtained in Reference Example 10 was dissolved in ace- 
tonitrile (5 mL), and hydroxylamine (containing 50% water, 0.265 mL) was added, then the mixture was stirred at room 
temperature for 1.5 hours. The reaction mixture was concentrated under reduced pressure, and the resulting residue 
was purified by preparative thin layer chromatography (chloroform/methanol = 20/1 ), and then triturated with diisopropyl 
ether to give Compound 16 {N-{4-(2,2-dimethylpropionyl)-5-[2-(hydroxyamino)ethanesulfonyiaminomethyl]-5-phenyl- 
4,5-dihydro-[1 ,3,4]thiadiazol-2-yl}-2,2-dimethylpropionamide} (89 mg, 83%). 

1 H NMR (300 MHz, CDCI 3 ) 5 (ppm) : 1 .29 (s, 9H), 1 .34 (s, 9H), 3.01 (br d, J =14.4 Hz, 1 H), 3.30-3.70 (m, 3H), 4.04 (dd, 
J = 1 0.8, 1 2.3 Hz, 1 H), 4.58 (dd, J = 3.3, 1 2.3 Hz, 1 H), 5.21 (dd, J = 3.3, 1 0.8 Hz, 1 H), 5.27 (br s, 1 H), 6.46 (br s, 1 H), 
7.20-7.41 (m, 5H), 7.94 (brs, 1H). 

Reference Example 34 

Compound 17: N-{4-(2,2-Dimethylpropionyl)-5-[2-(N-ethyl-N-hydroxyamino)ethanesulfonylaminomethyl]-5-phenyl- 
4,5-dihydro-[1 ,3,4]thiadiazol-2-yl}-2,2-dimethylpropionamide 

[01 1 6] Compound 1 6 {N-{4-(2,2-dimethylpropionyl)-5-[2-(hydroxyamino)ethane-sulfonylaminomethyl]-5-phenyl-4,5- 
dihydro-[1,3,4]thiadiazol-2-yl}-2,2-dimethylpropionamide} (60 mg, 0.12 mmol) obtained in Reference Example 33 was 
dissolved in 1 ,2-dichloroethane (2.4 mL), and acetaldehyde (0.095 mL, 1.7 mmol), acetic acid (0.068 mL, 1.2 mmol) 
and sodium triacetoxyborohydride (256 mg, 1 .21 mmol) were added, then the mixture was stirred at room temperature 
for 1 0 minutes. To the mixture were added water and saturated aqueous sodium hydrogencarbonate, and the mixture 
was extracted with chloroform. The organic layer was washed with brine, dried over anhydrous sodium sulfate, and then 
concentrated under reduced pressure. The residue was purified by preparative thin layer chromatography (chloroform/ 
methanol = 20/1 ), and then triturated with diisopropyl ether to give Compound 1 6 {N-{4-(2,2-dimethylpropionyl)-5-[2-(N- 
ethyl-N-hydroxyamino)ethanesulfonylaminomethyl]-5-phenyl-4,5-dihydro-[1,3,4]thiadiazol-2-yl)-2,2-dimethylpropiona- 
mide) (23 mg, 36%). 

1 H NMR (300 MHz, CDCI 3 ) 8 (ppm) : 1.09 (t, J = 7.2 Hz, 3H), 1.28 (s, 9H), 1.39 (s, 9H), 2.73-2.90 (m, 3H), 2.90-3.30 
(m, 2H), 3.40-3.60 (m, 1 H), 4.04 (dd, J = 9.6, 12.9 Hz, 1H), 4.60 (dd, J = 5.1, 12.9 Hz, 1H), 5.50 (br s, 1 H), 6.50 (br s, 
1H), 7.20-7.40 (m, 5H), 7.93 (brs, 1H). 

Reference Example 35 

Compound 18: N-{5-[2-(2-Aminoethylsulfanyl)ethanesulfonylaminomethyl]-4-(2,2-dimethylpropionyl)-5-phenyl-4,5-di- 
hydro[1,3,4]thiadiazol-2-yl}-2,2-dimethylpropionamide 

[0117] Step 1: N-{5-[2-(2-Aminoethylsulfanyl)ethanesulfonylaminomethyl]-4-(2,2-dimethyl-propionyl)-5-phenyl-4,5- 
dihydro[1,3,4]thiadiazol-2-yl)-2,2-dimethylpropionamide Step 1: Compound 10 {N-[4-(2,2-dimethylpropionyl)-5-ethe- 
nesulfonylaminomethyl-5-phenyl-4,5-dihydro-1,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide} (1.001 g, 2.145 mmol) 
obtained in Reference Example 10 was dissolved in methanol (20 mL), and 2-aminoethanethiol hydrochloride (1.230 
g, 10.83 mmol) and saturated aqueous sodium hydrogencarbonate (15 mL) were added, then the mixture was stirred 
at room temperature for 1 .5 hours. To the mixture was added water, and the mixture was extracted with ethyl acetate. 
The organic layerwas washed with brine, dried overanhydrous sodium sulfate, and concentrated under reduced pressure. 
The residue was triturated with diethyl ether and then with a mixed solvent of diethyl ether and ethyl acetate (9/1). The 
resulting crude product was purified by silica gel column chromatography (chloroform/methanol = 6/1), and triturated 
with diethyl ether to give free base of Compound 1 7 {N-{5-[2-(2-aminoethylsulfanyl)ethanesulfonyl-aminomethyl]-4-(2,2- 
dimethylpropionyl)-5-phenyl-4,5-dihydro[1 ,3,4]thiadiazoi-2-yl}-2,2-dimethylpropionamide} (756 mg, 65%). 
APCI-MSm/z:544(M+1)+. 

Step 2: The free base of Compound 18 (756 mg, 1 .39 mmol) obtained in Step 1 mentioned above was dissolved in ethyl 
acetate (20 mL), and to the solution was added 4 mol/L hydrogen chloride - ethyl acetate solution (0.7 mL) under ice 
cooling. The reaction mixture was concentrated under reduced pressure, and diethyl ether was added, then the mixture 
was stirred at room temperature for 30 minutes. Then, the deposited solid was collected by filtration to give hydrochloride 
of Compound 18 (795 mg, 99%). 

1 H NMR (270 MHz, DMSO-d 6 ) 5 (ppm): 1 .18 (s, 9H), 1.27 (s, 9H), 2.77 (t, J = 7.1 Hz, 2H), 2.86 (m, 2H), 2.98 (tJO = 7.1 
Hz, 2H), 3.37 (m, 2H), 4.00 (d, J = 14.0 Hz, 1H), 4.36 (d, J = 14.0 Hz, 1H), 7.21-7.38 (m, 5H), 8.50 (br, 3H). 
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Reference Example 36 

Compound 19: N45-[(2-Aminoethylsulfanyl)methanesulfonylaminomethyl]-4-(2,2-dimethylpropionyl)-5-phenyl-4,5-di- 
hydro[1,3,4]thiadiazol-2-yl}-2,2-dimethylpropionamide 

[01 1 8] Step 1 : The hydrochloride of Compound 1 1 {N-[5-aminomethyl-4-(2,2-dimethyl-propionyl)-5-phenyl-4,5-dihy- 
dro-1,3,4-thiadiazol-2-yl]-2,2-dimethylpropanamide} (4.00 g, 9.69 mmol) obtained in Reference Example 11 was dis- 
solved in dichloromethane (1 00 mL), and triethylamine (4.05 mL, 29.1 mmol) and chloromethanesulfonyl chloride (1 .12 
mL, 12.6 mmol) were added under ice cooling, then the mixture was stirred at room temperature for 4 hours. To the 
10 mixture were added water and 1 mol/L hydrochloric acid, and the mixture was extracted with chloroform. The organic 
layer was washed with brine, dried over anhydrous sodium sulfate, and concentrated under reduced pressure. The 
residue was triturated with a mixed solvent of chloroform and diisopropyl ether to give N-[5-chloromethanesulfonylami- 
nomethyl-4-(2,2-dimethylpropionyl)-5-phenyl-4,5-dihydro[1,3,4]thiadiazol-2-yl]-2,2-dimethylpropionamide (3.82 g, 
92%). 

15 APCI-MS m/z: 489, 491 (M+1)+. 

[0119] Step 2: N-[5-Chloromethanesulfonylaminomethyl-4-(2,2-dimethylpropionyl)-5-phenyl-4,5-dihydro[1 ,3,4]thiadi- 
azol-2-yl]-2,2-dimethylpropionamide (3.818 g, 7.807 mmol) obtained in Step 1 mentioned above was dissolved in DMF 
(70 mL), and tert-butyl N-(2-mercaptoethyl)carbamate (13.3 mL, 78.1 mmol) and saturated aqueous sodium hydrogen- 
carbonate (1 5 mL) were added, then the mixture was stirred at 70'C for 5.5 hours. After cooling, water was added, and 

20 the mixture was extracted with ethyl acetate. The organic layer was washed with brine, dried over anhydrous sodium 
sulfate, and concentrated under reduced pressure. The residue was purified by silica gel column chromatography (n- 
hexane/ethyl acetate = 9/1 -> 7/3), and thentriturated with diisopropyl etherto give [2-({[3-(2,2-dimethylpropionyl)-5-(2,2- 
dimethyl-propionylamino)-2-phenyl-2,3-dihydro[1,3,4]thiadiazol-2-ylmethyl]sulfamoyl}-methylsulfanyl)ethyl]carbamic 
acid tert-butyl ester (1 .926 g, 39%). 

25 APCI-MS m/z: 630 (M+1 ) + . 

[0120] Step 3: [2-({[3-(2,2-Dimethylpropionyl)-5-(2,2-dimethylpropionylamino)-2-phenyl-2,3-dihydro[1 ,3,4]thiadiazol- 
2-ylmethyl]sulfamoyl}methylsulfanyl)ethyl]carbamic acid tert-butyl ester (1 .926 g, 3.058 mmol) obtained in Step 2 men- 
tioned above was dissolved in dichloromethane (1 5 mL), and trifluoroacetic acid (1 5 mL) was added, then the mixture 
was stirred at room temperature for 1 hour. After the mixture was concentrated under reduced pressure, to the residue 

30 were added water and saturated aqueous sodium hydrogencarbonate, and the mixture was extracted with ethyl acetate. 
The organic layerwas washed with brine, dried over anhydrous sodium sulfate, and concentrated under reduced pressure. 
The residue was purified by silica gel column chromatography (chloroform/methanol = 9/1 -> chloroform containing 
ammonia/methanol = 9/1), and then triturated with diisopropyl etherto give free base of Compound 1 8 {N-{5-[(2-ami- 
noethylsulfanyl)methanesulfonylaminomethyl]-4-(2,2-dimethylpropionyl)-5-phenyl-4,5-dihydro[1,3,4]thiadiazol-2-yl}- 

35 2,2-dimethylpropionamide} (1 .01 1 g, 63%). 
APCI-MS m/z: 530 (M+1)+. 

Step 4: In the same manner as that in Step 2 of Reference Example 35, the free base of Compound 19 (515 mg, 0.972 
mmol) obtained in Step 3 mentioned above was treated with 4 mol/L hydrogen chloride - ethyl acetate solution (0.5 mL) 
to give hydrochloride of Compound 1 9 (490 mg, 89%). 
40 1H NMR (300 MHz, CDCI 3 ) 8 (ppm): 1.26 (s, 9H), 1.32 (s, 9H), 3.10 (m, 2H), 3.11 (m, 2H), 4.06 (dd, J = 5.4, 14.2 Hz, 
1H), 4.15 (d, J = 15.0 Hz, 1H), 4.24 (d, J = 15.0 Hz, 1H), 4.67 (m, 1H), 6.34 (m, 1H), 7.23-7.38 (m, 5H), 8.14 (br, 3H), 
8.38 (s, 1 H). 

Reference Example 37 

45 

Compound 20: N-{2-[3-Acetyl-5-(2-oxopiperidino)-2-phenyl-2,3-dihydro-1 ,3,4-thiadiazol-2-yl]ethyl}methanesulfona- 
mide 

[0121] In the same manner as that in Reference Example 16, from N-[2-(3-acetyl-5-amino-2-phenyl-2,3-dihydro-1 ,3,4- 
50 thiadiazol-2-yl)ethyl]methanesulfonamide (0.150 g, 0.438 mmol) obtained on the way of Step 3 of Reference Example 
1 9, pyridine (51 .0 jjlL, 0.631 mmol), 5-bromovaleryl chloride (70.5 yl, 0.526 mmol) and sodium acetate (0.0498 g, 0.607 
mmol), Compound 20 {N-{2-[3-acetyl-5-(2-oxopiperidino)-2-phenyl-2,3-dihydro-1 ,3,4-thiadiazol-2-yl]ethyl}methanesul- 
fonamide} (0.181 g, 97%) was obtained. 

1 H NMR (270 MHz, CDCl 3 ) 5 (ppm): 1.82-1.98 (m, 4H), 2.33 (s, 3H), 2.52-2.62 (m, 3H), 2.95 (s, 3H), 3.27-3.38 (m, 2H), 
55 3.59-3.70 (m, 1 H), 3.84-3.92 (m, 2H), 4.62 (br s, 1 H), 7.23-7.37 (m, 5H). 
APCI-MS m/z: 423 (M-1)\ 
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Reference Example 38 

Preparation of seed crystals of 2-(tert-butoxycarbonylamino)acetophenone thiosemicarbazone 

[0122] 2-(tert-Butoxycarbonylamino)acetophenone (3.00 g) was dissolved in methanol (21 .0 ml_). To the solution was 
added an aqueous solution (water: 9.0 mL) of thiosemicarbazide hydrochloride (3. 1 1 g, 24.4 mmol) at room temperature. 
After the mixture was stirred at the same temperature for 30 minutes, water (12.0 mL) was added, and the mixture was 
stirred at room temperature for 20 minutes and then at 0*C for 1 hour. The deposited solid was collected by filtration 
and washed with cooled 50% aqueous methanol (20 mL). The resulting solid was dried at 40"C under reduced pressure 
to give seed crystals of 2-(tert-butoxycarbonylamino)acetophenone thiosemicarbazone (3.56 g, yield: 95. 1 %) as a white 

Industrial Applicability 

[0123] Accordingtothe present invention, atherapeuticand/orprophylacticagentforahematopoietictumorcomprising 
a thiadiazoline derivative or a pharmaceutically acceptable salt thereof as an active ingredient can be provided. 



1 . A therapeutic and/or prophylactic agent for a hematopoietic tumor, which comprises a thiadiazoline derivative rep- 
resented by the general formula (I): 



{wherein, n represents an integer of 1 to 3, 
R 1 represents a hydrogen atom, 
R 2 represents lower alkyl, or 

R 1 and R 2 are combined together to represent alkylene, 

R 3 represents lower alkyl, 

R 4 represents a hydrogen atom, 

NHS0 2 R 6 (wherein R 6 represents lower alkyl which may be substituted with one ortwo substituents selected from 
the group consisting of hydroxy, lower alkoxy, amino, hydroxyamino, (lower alkyl)amino, di-(lower alkyl)amino, N- 
hydroxy(loweralkyl)amino, amino-substituted (lower alkyl)thio, (lower alkyl)amino-substituted (lower alkyl)thio and 
di-(lower alkyl)amino-substituted (lower alkyl)thio, or lower alkenyl), 

NHR 7 [wherein R 7 represents lower alkyl which may be substituted with one or two substituents selected from the 
group consisting of hydroxy, lower alkoxy, amino, (lower alky!)amino and di-(lower alkyl)amino, COR 8 (wherein 
R 8 represents lower alkyl which may be substituted with one ortwo substituents selected from the group consisting 
of hydroxy, lower alkoxy, amino, (lower alkyl)amino, di-(!ower alkyljamino, carboxy, phenyl, hydroxyphenyl, imi- 
dazolyl, guanidyl, methylthio and (lower alkoxy)carbonylamino, a nitrogen-containing aliphatic heterocyclic group 
which may be substituted with (lower alkoxy)carbonyl or oxo, or lower alkoxy), or a hydrogen atom], or 
CONHR 9 (wherein R 9 represents lower alkyl which may be substituted with one ortwo substituents selected from 
the group consisting of hydroxy, lower alkoxy, amino, (lower alkyl)amino and di-(lower alkyljamino), and 
R 5 represents aryl which may be substituted with one to three substituents selected from the group consisting of 
halogen, hydroxy, lower alkoxy, nitro, amino, cyano and carboxy}, or a pharmaceutically acceptable salt thereof. 



Claims 



[Formula l] 




(i) 



2. The therapeutic and/or prophylactic agent according to claim 1 , wherein the thiadiazoline derivative is a thiadiazoline 
derivative represented by the following formula (II): 
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[Formula 2] 

R 3 

R 4 -(CH 2 ) n N-N R1 
>C >-N 

R * s y# 

O 

(ID 

(wherein R 1 , R 2 , R 3 , R 4 , R 5 , and n have the same meanings as those mentioned above), which shows a negative 
value as a specific rotation at 20'C for sodium D line (wavelength: 589.3 nm) when the thiadiazoiine derivative or 
the pharmaceutically acceptable salt thereof is dissolved in methanol. 

3. The therapeutic and/or prophylactic agent according to claim 1 or 2, wherein R 5 is phenyl. 

4. The therapeutic and/or prophylactic agent according to any one of claims 1 to 3, wherein R 3 is methyl, ethyl, isopropyl, 
or tert-butyl. 

5. The therapeutic and/or prophylactic agent according to any one of claims 1 to 4, wherein R 1 is a hydrogen atom. 

6. The therapeutic and/or prophylactic agent according to any one of claims 1 to 5, wherein R 2 is methyl, or tert-butyl. 

7. The therapeutic and/or prophylactic agent according to any one of claims 1 to 4, wherein R 1 and R 2 are combined 
together to form trimethylene, or tetramethylene. 

8. The therapeutic and/or prophylactic agent according to any one of claims 1 to 7, wherein R 4 is NHS0 2 R 6 (wherein 
R 6 has the same meaning as that mentioned above). 

9. The therapeutic and/or prophylactic agent according to any one of claims 1 to 7, wherein R 4 is CONHR 9 (wherein 
R 9 has the same meaning as that mentioned above). 

10. The therapeutic and/or prophylactic agent according to any one of claims 1 to 9, wherein n is 1 or 2. 

1 1 . The therapeutic and/or prophylactic agent according to claim 2, wherein the thiadiazoiine derivative is a thiadiazoiine 
derivative represented by any one of the following formulas (a) to (q). 
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[Formula 3] 

h o^CfC^ ^ o^ch 2 ch 3 



(b) 

OyCH 3 



(e) (f) (g) 

-C(CH 3 ) 3 



(h) (i) (i) 

(k) (I) (m) 

9 H * on °^ C C CH 3)3 h Ov C(CH3)3 n„ 0^-C(CH 3 ) 3 
"3C- N ^J N HO^R r ^l N 

r S v 7«~ 

(n) (o) (p) 



H 3C CH 3 o Oy C( ° H3)3 
HjCTV " 



0^ C(CH3)3 
(q) 

12. The therapeutic and/or prophylactic agent according to any one of claims 1 to 1 1 , wherein the hematopoietic tumor 
is a tumor selected from the group consisting of leukemia, lymphoma, multiple myeloma, plasmocytoma, myelod- 
ysplastic syndrome, and chronic myeloproliferative disorder. 

13. The therapeutic and/or prophylactic agent according to any one of claims 1 to 1 1 , wherein the hematopoietic tumor 
is a tumor selected from the group consisting of acute myeloid leukemia, acute lymphoblastic leukemia, chronic 
myeloid leukemia, chronic lymphoblastic leukemia, plasma cell leukemia, Hodgkin's lymphoma, non-Hodgkin's 
lymphoma, adult T-cell leukemia/lymphoma, multiple myeloma, plasmocytoma, myelodysplastic syndrome, and 
chronic myeloproliferative disorder. 

14. A method for therapeutic and/or prophylactic treatment of a hematopoietic tumor, which comprises administering 
an effective amount of the thiadiazoline derivative or the pharmaceutical^ acceptable salt thereof described in any 
one of claims 1 to 1 1 . 
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15. The method according to claim 1 4, wherein the hematopoietic tumor is a tumor selected from the group consisting 
of leukemia, lymphoma, multiple myeloma, plasmocytoma, myelodysplastic syndrome, and chronic myeloprolifer- 
ative disorder. 

16. The method according to claim 14, wherein the hematopoietic tumor is a tumor selected from the group consisting 
of acute myeloid leukemia, acute lymphoblasticleukemia, chronic myeloid leukemia, chronic lymphoblastic leukemia, 
plasma cell leukemia, Hodgkin's lymphoma, non-Hodgkin's lymphoma, adult T-cell leukemia/lymphoma, multiple 
myeloma, plasmocytoma, myelodysplastic syndrome, and chronic myeloproliferative disorder. 

17. Use of the thiadiazoline derivative or the pharmaceutical^ acceptable salt thereof described in any one of claims 1 
to 1 1 for the manufacture of a therapeutic and/or prophylactic agent for a hematopoietic tumor. 

18. The use according to claim 17, wherein the hematopoietic tumor is a tumor selected from the group consisting of 
leukemia, lymphoma, multiple myeloma, plasmocytoma, myelodysplastic syndrome, and chronic myeloproliferative 
disorder. 



19. The use according to claim 17, wherein the hematopoietic tumor is a tumor selected from the group consisting of 
acute myeloid leukemia, acute lymphoblastic leukemia, chronic myeloid leukemia, chronic lymphoblastic leukemia, 
plasma cell leukemia, Hodgkin's lymphoma, non-Hodgkin's lymphoma, adult T-cell leukemia/lymphoma, multiple 
myeloma, plasmocytoma, myelodysplastic syndrome, and chronic myeloproliferative disorder. 
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